.^^ICATION PUBLISHED UNDER THE PATENT C(^^^ 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) ! 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date (10) International Publication Number 

22 February 2001 (22.02.2001) PCX WO 01/12851 A2 




(51) International Patent Classification 7 : 



C12Q 1/68 



(21) International Application Number: PCT/USOG/21603 

(22) International Filing Date: 8 August 2000 (08.08.2000) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

60/148,540 12 August 1999 (12.08.1999) US 

60/1 78,232 26 January 2000 (26.01 .2000) US 

60/211,923 16 June 2000 (16.06.2000) US 

(71) Applicant (for all designated States except US): WIS- 
CONSIN ALUMNI RESEARCH FOUNDATION 
[US/US]; 614 Walnut Street, Madison, WI 53705 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): WEINDRUCH, 
Richard, H. [US/US]; 1 Pinehurst Circle, Madison. 
Wl 53717 (US). PROLLA, Tomas, A. [US/US]; 1206 
University Bay Drive, Madison, Wl 53705 (US). LEE, 
Cheol-Koo [KR/US]; Apt. 506, 140 Iola Court, Madison, 
WI 53717 (US). 



(74) Agent: BAKER, Jean, C; Quarles & Brady, LLP, 411 
East Wisconsin Avenue, Milwaukee, WI 53202-4497 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE, DK, DM , DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, 
HU, ID, IL, IN, IS, JP, KE, KG, KP. KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK. SL, TJ, TM, 
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): AR1PO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU. TJ, TM), European 
patent (AT, BE, CH, CY, DE DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE), OAPl patent (BF, BJ, CF, CG, 
CI, CM, G A, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

Without international search report and to be republished 
upon receipt of that report. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCI Gazette. 



^ (54) Title: IDENTIFICATION OF GENETIC MARKERS OF BIOLOGICAL AGE AND METABOLISM 

*g (57) Abstract: A method of measuring the biological age of a multicellular organism is disclosed. In one embodiment this method 
comprises the steps of obtaining a sample of nucleic acid isolated from the organism's organ, tissue or cell and determining the 
^ expression pattern of a panel of sequences within the nucleic acid that have been predetermined by either increase or decrease in 
^ response to biological aging of the organ, tissue or cell. A method of obtaining biomarkers of aging is also disclosed. This method 
^ comprises the step of comparing a gene expression profile of a young multicellular organism subject's organ, tissue or cells; a gene 
expression profile from a chronologically aged subject's organ, tissue or cell; and a gene expression profile from a chronologically 
Q aged but biologically younger subject's organ, tissue or cell and identifying gene expression alterations that are observed when 
^ comparing the young subjects and the chronologically aged subjects and are not observed or reduced in magnitude when comparing 
^ the young subject and the chronologically aged but biologically younger subjects. 



WO 01/12851 




PCT/US00/21603 



IDENTIFICATION OF GENETIC MARKERS OF 
BIOLOGICAL AGE AND METABOLISM 

CROSS-REFERENCE TO RELATED APPLICATION 

This application claims priority to provisional application 60/148,540, 
filed August 12, 1999, U.S. provisional application 60/178,232, filed January 
26, 2000 and 60/21 1,923 filed June 16, 2000. These provisional applications 
5 are incorporated by reference as if fully set forth herein. 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH AND DEVELOPMENT 

This invention was made with United States government support 
awarded by the following agencies: NIH Grant No: AG 1 1915. The United 
10 States has certain rights in this invention. 

BACKGROUND OF THE INVENTION 

A common feature of most multicellular organisms is the progressive 
and irreversible physiological decline that characterizes senescence. 
Although genetic and environmental factors can influence the aging process, 

15 the molecular basis of senescence remains unknown. Postulated 
mechanisms include cumulative damage to DNA leading to genomic 
instability, epigenetic alterations that lead to altered gene expression patterns, 
telomere shortening in replicative cells, oxidative damage to critical 
macromolecules and nonenzymatic glycation of long-lived proteins (S.M. 

20 Jazwinski, Science 273:54, 1996; G.M. Martin, et aL Nature Gen. 13:25. 

1996; F.B. Johnson. etaL, Cell 96:291, 1996; K.B. Beckman and B.N. Ames, 
Physiol. Revs. 78:547. 1998). Factors which contribute to the difficulty of 
elucidating mechanisms and testing interventions include the complexity of 
organismal senescence and the lack of molecular markers of biological age 

25 (biomarkers). Aging is complex in that underlying mechanisms in tissues with 
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limited regenerative capacities (e.g., skeletal and cardiac muscle, brain), 
which are composed mainly of postmitotic (non-dividing) cells, may differ 
markedly from those operative in proliferative tissues. Accordingly, 
approaches which provide a global assessment of senescence in specific 
5 tissues would greatly increase understanding of the aging process and the 
possibility of pharmaceutical, genetic or nutritional intervention. 

Genetic manipulation of the aging process in multicellular organisms 
has been achieved in Drosophila, through the over-expression of catalase 
and Cu/Zn superoxide dismutase (W.C. Orr and R.S. Sohal, Science 

10 263:1128, 1994; T.L Parkes. et aL Nat. Genet. 19:171. 1998), in the 

nematode C. elegans, through alterations in the insulin receptor signaling 
pathway (S. Ogg, et a!., Nature 389:994, 1997; S. Paradis and G. Ruvkun, 
Genes Dev. 12:2488-2498, 1998; H.A. Tissenbaum and G. Ruvkun, Genetics 
148:703, 1998), and through the selection of stress-resistant mutants in either 

15 organism (T.E. Johnson, Science 249:908, 1990; S. Murakami and T.E. 

Johnson, Genetics 143:1207, 1996; YJ. Lin, et aL, Science 282:943, 1998). 
In mammals, there has been limited success in the identification of genes that 
control aging rates. Mutations in the Werner Syndrome locus (WRN) 
accelerate the onset of a subset of aging-related pathology in humans, but 

20 the role of the WRN gene product in the modulation of normal aging is 
unknown (C.E. Yu, et al., Science 272:258, 1996; D.B. Lombard and L. 
Guanrente. Trends Genet. 12:283, 1996). 

In contrast to the current lack of genetic interventions to retard the 
aging process in mammals, caloric restriction (CR) appears to slow the 

25 intrinsic rate of aging (R. Weindruch and R.L. Walford, The Retardation of 

Aging and Disease by Dietary Restriction (CC. Thomas, Springfield, IL, 1988; 
L. Fishbein, Ed., Biological Effects of Dietary Restriction (Springer-Veriag, 
New York, 1991; B.P. Yu, Ed., Modulation of Aging Processes bv Dietary 
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Restriction (CRC Press, Boca Raton, FL 1994). Most studies have involved 
laboratory rodents which, when subjected to a long-term, 25-50% reduction in 
calorie intake without essential nutrient deficiency, display delayed onset of 
age-associated pathological and physiological changes and extension of 
5 maximum lifespan. 

BRIEF SUMMARY OF THE INVENTION 

The present invention will allow the evaluation of aging interventions 
on a molecular and tissue-specific basis through the identification of aging 
biomarkers. In particular, the use of gene expression profiles allows the 

1 0 measurement of aging rates of target organs, tissues and cells, and to what 
extent aging is delayed by specific interventions, as determined by 
quantitative analysis of mRNA abundance. Because aging-related gene 
expression profiles can be classified in subgroups according to function, the 
invention also allows for the determination of how function-specific aspects of 

1 5 aging are affected. This particular feature will allow for determination of 

combination therapies that prevent or reverse most aging related changes in 
particular organs, tissues, and cells. 

In one embodiment, the present invention is a method of measuring 
the biological age of a multicellular organism comprising the steps of (a) 

20 obtaining a sample of nucleic acid isolated from the organism's organ, tissue 
or cell, wherein the nucleic acid is RNA or a cDNA copy of RNA and (b) 
determining the expression pattern of a panel of sequences within the nucleic 
acid that have been predetermined to either increase or decrease in response 
to biological aging of the organ, tissue or cell. Preferably, the expression 

25 patterns of at least ten sequences are determined in step (b) and the 
organism is a mammal, most preferably a rodent. 
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In one preferred embodiment of the method described above, the 
nucleic acid is isolated from a mammalian tissue selected from the group 
consisting of brain tissue, heart tissue, muscle tissue, skin, liver tissue, blood, 
skeletal muscle, lymphocytes and mucosa. 
5 In another embodiment the present invention is a method of obtaining 

biomarkers of aging comprising the steps of: (a) comparing a gene 
expression profile of a young multicellular organism subject's organ, tissue or 
cells; a gene expression profile from a chronologically aged (and therefore 
biologically aged) subject's organ, tissue or cell; and a gene expression 

10 profile from a chronologically aged but biologically younger subject's organ, 
tissue or cell, and (b) identifying gene expression alterations that are 
observed when comparing the young subjects and the chronologically aged 
subjects and are not observed or reduced in magnitude when comparing the 
young subjects and chronologically aged and biologically younger subjects. 

1 5 Preferably, one uses high density oligonucleotide arrays comprising at least 
5-10% of the subject's gene expression product to compare the subject's 
gene expression profile, and caloric restriction to obtain a chronologically 
aged but biologically younger subject. 

In a preferred embodiment of the method described above, the gene 

20 expression profile indicates a two-fold or greater increase or decrease in the 
expression of certain genes in biologically aged subjects. In a more preferred 
embodiment of the present invention, the gene expression profile indicates a 
three-fold or greater or, most preferably three-fold or greater, increase or 
decrease in the expression of certain genes in aged subjects. 

25 In another embodiment, the present invention is a method of 

measuring biological age of muscle tissue comprising the step of quantifying 
the mRNA abundance of a panel of biomarkers selected from the group 
consisting of markers described in the Tables 1,2, 15 and 16. A method of 
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measuring biological age of brain tissue comprising the step of quantifying the 
mRNA abundance of a panel of biomarkers selected from the group 
consisting of markers described in Tables 5, 6, 9, 10, 11, 12, 13 and 14. 
In another embodiment, the present invention is a method for 
5 screening a compound for the ability to inhibit or retard the aging process in a 
multicellular organism tissue, organ or cell, preferably mammalian tissue, 
organ or cell, comprising the steps of: (a) dividing test organisms into first 
and second samples; (b) administering a test compound to the organisms of 
the first sample; (c) analyzing tissues, organisms and cells of the first and 

1 0 second samples for the level of expression of a panel of sequences that have 
been predetermined to either increase or decrease in response to biological 
aging of the tissue, (d) comparing the analysis of the first and second 
samples and identifying test compounds that modify the expression of the 
sequences of step (c) in the first sample such that the expression pattern is 

15 indicative of tissue that has an inhibited or retarded biological age. 

It is an object of the present invention to evaluate or screen 
compounds for the ability to inhibit or retard the aging process. 

It is also an object of the present invention to measure the biological 
age of a multicellular organism, such as a mammal in a tissue or cell-specific 

20 basis. 

It is also an object of the present invention to obtain biomarkers of 

aging. 

Other objects, features and advantage of the present invention will 
become apparent to one of skill in the art after review of the specification and 
25 claims. 
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DETAILED DESCRIPTION OF THE INVENTION 

One of the major impediments to the development of pharmaceutical, 
genetic or nutritional interventions aimed at retarding the aging process is the 
lack of a molecular method for measuring the aging process in humans or 
5 experimental animals. A suitable biomarker of the aging process should 
reflect biological age (physiological condition) as opposed to chronological 
age. Additionally, the biomarker should be amenable to quantitation, and 
reflect aging-related alterations at the molecular level in the tissue under 
study. Importantly, any such biomarker must be validated with the use of a 

10 model of retarded aging. 

Caloric restriction, when started either early in life or in middle-age, 
represents the only established paradigm of aging retardation in mammals. 
(R. Weindruch and R.L Walford, 'The Retardation of Aging and Disease by 
Dietary Restriction" (C.C. Thomas, Springfield, IL. 1988)) The effects of 

15 caloric restriction on age-related parameters are broad: caloric restriction 
increases mean and maximum lifespan, reduces and delays both 
spontaneous and induced carcinogenesis, almost completely suppresses 
autoimmunity associated with aging, and reduces the incidence of several 
age-induced diseases. (R. Weindruch and R.L. Walford, supra . 1988) 

20 Therefore, we expect that the rate of change of most proposed aging 
biomarkers should be retarded by caloric restriction. 

By "biological age" we mean the physiological state of an animal or 
tissue relative to the physiological changes that occur throughout the animal's 
lifespan. By "chronological age" we mean the age of an animal as measured 

25 by a time scale such as month or years. 

Because gene expression patterns are responsive to both intracellular 
and extracellular events, we reasoned that simultaneous monitoring of 
thousands of genes on a tissue-specific or organ-specific basis would reveal 
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a set of genes that are altered in expression levels as a consequence of 
biological aging. Although alterations in gene expression with aging had been 
previously investigated for some genes, a global analysis of gene expression 
patterns during aging, and the validation of such patterns as a tool to 
5 measure biological age through the use of a model of retarded aging had not 
been previously performed. Such global analysis is required to identify genes 
that are expressed differentially as a consequence of aging on different cell 
types that compose the tissue under study and will allow a quantitative 
assessment of aging rates. 

10 There exists a large and growing segment of the population in 

developed countries that is suffering from age-associated disorders, such as 
sarcopenia (loss of muscle mass), neurodegenerative conditions, and cardiac 
disease. Therefore, the market for compounds that prevent aging-associated 
disorders and improve quality of life for the elderly is likely to drive research 

15 and development of novel drugs by the pharmaceutical industry. As an 
example, many drugs, nutraceuticals and vitamins are thought to influence 
aging favorably, but their use remains limited due to the lack of FDA approval. 
The inability to assess biological aging in tissues at the molecular level 
precludes proper animal and human testing of such compounds. 

20 In one embodiment, the invention is a method for measuring the 

biological aging process of a multicellular organism, such as a mammal, at 
the organ, tissue or cellular level through the characterization of the 
organism's gene expression patterns. This method preferably comprises 
obtaining a cDNA copy of the organism's RNA and determining the 

25 expression pattern of a panel of particular sequences (preferably at least 5 
sequences, most preferably at least 10 sequences and more preferably at 
least 20, 30, 40, or 50 sequences) within the cDNA that have been 
predetermined to either increase or decrease in response to biological aging 
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of the organ, tissue or cell. (We refer to nucleotide sequences with 
alterartions in expression patterns characteristic of biological age as 
"biomarkers.") One may characterize the biological age of the organism by 
determining how many and at what level the biomarkers are altered. 
5 Tables 1-4 and 15-16 describe a specific gene expression profiles 

determined in skeletal muscle of mice. Tables 1,2, 15 and 16 describe 
aging-related increases and decreases in gene expression in gastrocnemius 
of mice. (Tables 1 and 2 were prepared using a high density oligonucleotide 
array of over 6,300 genes, while Tables 15 and 16 were prepared using a 

10 high density oligonucleotide array of 19,000 genes.) Tables 3 and 4 describe 
caloric restriction related decreases and increases in gene expression. 
Tables 1 and 2 contain a column ( tt CR reversal") describing the influence of 
caloric restriction on the increased or decreased expression. Tables 5-8 
describe a similar analysis of the gene expression profile determined 

15 neocortex tissue of mice and Tables 9 and 10 describe a gene expression 
profile determined on the cerebellum tissue in mice. Tables 11-14 describe 
gene expression profiles determined in mouse heart. (Tables 11 and 12 were 
prepared with the 19,000 high density oligonucleotide chip, while Tables 13 
and 14 were prepared using the less dense gene chip.) From these gene 

20 expression profiles, one may select many biomarkers. 

For example, in order to either measure or determine biological age in 
skeletal muscle, one would select markers in Tables 1 and 2 that reflect 
changes in gene expression that have been shown to be either partially or 
completely inhibited by caloric restriction in skeletal muscle such as 

25 AA0071777, L06444, AA1 14576, etc. Genes that were not affected by caloric 
restriction (such as W84988, Table 1) may represent chronological markers or 
aging, and therefore are less useful for the measurement of aging rates. One 
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may determine which genes are c- are not affected by caloric restriction by 
examination of the "CR reversal" lane of Tables 1 or 2. 

If one wished to examine a tissue, organ or cell that is not represented 
in Tables 1-16, one would prepare samples and tabulate results from those 
5 samples as described below in the Examples. In this manner, one may 

examine any tissue, organ or cell for biological aging. Preferably, one would 
wish to examine a tissue selected from the group consisting of brain tissue, 
heart tissue, muscle tissue, skin, liver tissue, blood, lymphocytes, skeletal 
tissue and mucosa. 

10 For example, choosing markers from Tables 1 and 2 to examine the 

efficacy of a test compound in aging prevention, one could design a PCR- 
based amplification strategy or a DNA microarray hybridization strategy to 
quantify the mRNA abundance for markers W08057, AA1 14576, 11071777, 
11106112, D29016 and M16465 as a function of aging, using animals of 

15 several age groups, such as 6 months, 12 months, 18 months, 24 months 
and 30 'months. (The marker designations refer to Gene Bank accession 
number entries.) A second set of animals would be given a test compound 
intended to slow the aging process at 10 months of age (middle age). 
Animals from the experimental group would be sacrificed or biopsied at the 

20 ages of 12 months, 1 8 months, 24 months and 30 months. If the test 

compound is successful, the normal aging-related alterations in expression of 
these particular markers will be prevented or attenuated. 

One would follow the same protocol in using the other tables for 
marker selection. One would match the tissue to be analyzed with the 

25 appropriate table. For example, if one were analyzing muscle tissue, one 
might choose markers from Tables 1 and 2. 

In another embodiment, the present invention is a method of obtaining 
and validating novel mammalian biomarkers of aging. Preferably, this method 



-9- 



WO 01/12851 



PCT/US00/21603 



15 



20 



comprises the steps of comparing the gene expression profile from a young 
subject's organ, tissue or cells with samples from individuals that are both 
chronologically and biologically aged. This is followed by comparison of the 
gene expression profile of the chronologically and biologically aged 
individuals with that of individuals that display similar chronological ages, but 
a younger biological age, such as animals under caloric restriction. Gene 
expression alterations that are prevented or retarded by caloric restriction 
represent markers of biological age, as opposed to chronological age. 

In one version of this embodiment, one would preferably use high 
density oligonucleotide arrays representing at least 5-10% of the subject's 
genes, as described in Lee, et al. at Science 285(5432): 1390-1 393, 1999 and 
Lee, et aL Nat. Genet. 25(31:294-297. 2000. (Both Lee, et al.. suora . 1999 
and Lee, et al., supra . 2000 are incorporated by reference as if fully set forth 
herein.) 

For example, Lee, et al., supra . 1999 details the comparison between 
gastrocnemius muscle from 5 month (young) and 30 month (aged) mice, and 
30 month mice under caloric restriction. Lee, et al., supra , 1999 disclose that 
of the 6500 genes surveyed in the oligonucleotide array, 58 (0.9%) displayed 
a greater than 2-fold increase in expression levels as a function of age and 55 
(0.8%) displayed a greater than 2-fold decrease in expression. The most 
substantial expression change was for the mitochondrial sarcomeric creatine 
kinase (Mi-CK) gene (3.8-fold). Sequences that display a greater than three- 
fold alteration (increase or decrease) with aging, which are prevented or 
restricted by caloric restriction, such as W08057, AA1 14576, AA071777, 
AA106112, D29016, M16465, are likely to be particularly good aging 
biomarkers. 

Lee, et a!-, supra . 2000 describes the comparison between cDNAs 
isolated from neocortex tissue for the same three groups of mice described 
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above. Lee, et a[ M supra , 2000 disclose that of the 6347 genes surveyed, 63 
(1%) displayed a greater than 1.7-fold increase in expression levels with 
aging in the neocortex, whereas 63 genes (1%) displayed a greater than 2.1- 
fold increase in expression in the cerebellum. Functional classes were 
5 assigned and regulatory mechanisms inferred for specific sets of alterations 
(see Tables 5-10). Of these, 20% (13/63), and 33% (17-51) could be 
assigned to an inflammatory response in the neocortex and cerebullum, 
respectively. Transcriptional alterations of several genes in this category 
were shared by the two brain regions, although fold-changes tended to be 

10 higher in the cerebellum, perhaps due to reduced tissue size and/or reduced 
heterogeneity at the cellular level. These transcriptional alterations include 
the microglial and macrophage migration factor Mps1 and the Cd40L 
receptor, which is a mediator of the microglial activation pathway. Also 
induced was Lysozyme C and beta(2) microglobulin which are markers of 

15 inflammation in the human CNS. Interestingly, a concerted induction of the 
complement cascade components C4, C1qA, C1qB and C1qC was observed, 
a part of the humoral immune system involved in inflammation and cytolysis. 

In another embodiment, the present invention is a method of screening 
a test compound for the ability to inhibit or retard the aging process in 

20 mammalian tissue. In a typical example of this embodiment, one would first 
treat a test mammal with a test compound and then analyze a representative 
tissue of the mammal for the level of expression of a panel of biomarkers. 
Preferably, the tissue is selected from the group consisting of brain tissue, 
heart tissue, muscle tissue, blood, skeletal muscle, mucosa, skin and liver 

25 tissue. One then compares the analysis of the tissue with a control, untreated 
mammal and identifies test compounds that are capable of modifying the 
expression of the biomarker sequences in the mammalian samples such that 
the expression is indicative of tissue that has an inhibited or retarded 
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biological age. This expression pattern would be more similar to an 
expression pattern found in biologically younger subjects. 

As an example, a group of young rodents (mice) would be divided into 
a control and a test group. The test group would receive a test compound as 
5 a dietary supplement added to food from age 5 months to 30 months, 
whereas the control group would receive a standard diet during this time 
period. At age 30 months, several tissues would be collected from animals 
from each group, and a gene expression profile would be obtained. Each 
animal's gene expression profile would be compared to that of a 5 month 

10 (young) animals receiving the standard diet. One would then examine if, for 
any of the organs investigated, the gene expression pattern fo the animals 
receiving the test compound was more similar to that of young animals, 
compared to the experimental group that received a standard diet. 

In another embodiment, the present invention is a method of detecting 

1 5 whether a test compound mimics the gene profile induced by caloric 
restriction. This method typically comprises the steps of exposing the 
mammal to a test compound and measuring the level of a panel of 
biomarkers. One then determines whether the expression pattern of the 
tissue mimics the expression pattern induced by caloric restriction. 

20 For example, if one wished to examine skeletal muscle, the test 

compound would be analyzed for induction of genes observed to be induced 
by caloric restriction in Tables 3 and 4. 

EXAMPLES 

1. In General 

25 In order to test our hypothesis, we performed gene expression profiling 

of over 6300 genes in skeletal muscle, neocortex tissue, and cerebellum 
tissue and 19,000 genes in skeletal muscle and heart tissue of 5-month and 
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30-month old C57BI6 mice, using high density oligonucleotide arrays. We 
found that a number of genes demonstrated alterations in gene expression 
profile as a function of chronological age and that these genes were broadly 
divided into a few classes listed in the Tables, such as stress response, 
5 energy metabolism, biosynthesis, protein metabolism and neuronal growth. 

In order to validate the use of gene expression profiles as biomarkers 
of biological age, we investigated the role of caloric restriction, the only 
intervention known to retard the aging process in mammals, on gene 
expression profiles. Our analysis demonstrated that 30-month old calorically 

10 restricted animals display either complete or partial prevention of most aging 
associated alterations in gene expression, validating the use of gene 
expression profiles as a biomarkers of the aging process. In the process we 
have discovered a gene expression profile that is specifically associated with 
caloric restriction. We believe that this profile provides genetic markers for 

1 5 this metabolic state. 

In like fashion, the present invention allows the determination of 
biological age in any organism through the determination of age-related 
variations in mRNA abundance. Such determination can be achieved through 
generation of cDNA from the mRNA of the organism and quantification of the 

20 cDNA product through hybridization to DNA microarrays, preferably as 

described here. Alternatively, any technique that allows for the quantitative 
determination of mRNA abundance may be used, such as quantitative PGR, 
Northern blotting and RNAse protection assays. 

2. Experimental Protocols 
25 Details on the methods employed to house and feed male C57BL/6 

mice, a commonly used model in aging research with an average lifespan of 
-30 months, were recently described (T.D. Pugh, et al., Cancer Res . 59:642, 
1999). Briefly, mice were purchased from Charles River Laboratories 
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(Wilmington, MA) at 1 .5 months of age. After receipt in Madison, the mice 
were housed singly in the specific pathogen-free Shared Aging Rodent 
Facility at the Madison Veterans Administration Geriatric Research, Education 
and Clinical Center, and provided a non-purified diet (PLI5001 (Purina Labs, 
5 St. Louis, MO) and acidified water ad libitum for one week. The mice were 
then allocated into two groups and fed one of two nearly isocaloric (-4.1 
kcal/g), semi-purified diets. Each mouse in the control group was fed 84 
kcal/week of the control diet (TD91349 (Teklad, Madison, Wl)) which is -5- 
20% less than the range of individual ad libitum intakes. This dietary intake 

10 was used so that the control mice were not obese and retained motor activity 
up to the age of sacrifice. Each mouse subjected to CR was fed 62 kcal/week 
of the restricted diet (TD9351 (Teklad, Madison, Wl)), resulting in a 26% 
reduction of caloric intake. The latter diet was enriched in protein, vitamins 
and minerals such that caloric restriction (CR) and control mice were fed 

1 5 nearly identical amounts of these components. The fat component, corn oil, 
was at the same level (13.5%) in both diets, leading to a 26% reduction in fat 
intake for the calorie-restricted mice. The adult body weights of the mice 
averaged -32 g for controls and -23 g for those on CR. Mice were 
euthanized by rapid cervical dislocation, autopsied to exclude animals 

20 showing overt disease, and the gastrocnemius muscle was removed from 

each limb, combined in a micocentrifuge tube, and immediately flash-frozen in 
liquid nitrogen and^then stored at -80°C. All aspects of animal care were 
approved by the appropriate committees and conformed with institutional 
guidelines. 

25 Total RNA was extracted from frozen tissue using TRIZOL reagent 

(Life Technologies) and a power homogenizer (Fisher Scientific) with the 
addition of chloroform for the phase separation before isopropyl alcohol 
precipitation of total RNA. Poly(A) + RNA was purified from the total RNA with 
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oligo-dT linked Oligotex resin (Qiagen). One microgram of poly(A)* RNA was 
converted into double-stranded cDNA (ds-cDNA) using Superscript Choice 
System (Life Technologies) with an oligo dT primer containing a T7 RNA 
polymerase promoter region (Genset). After second strand synthesis, the 
5 reaction mixture was extracted with phenol/chloroform/isoamyl alcohol. 
Phase Lock Gel (5 Prime - 3 Prime, Inc.) was used to increase ds-cDNA 
recovery. The ds-cDNA was collected by ethanol precipitation. The pellet 
was resuspended in 3 pi of DEPC-treated water. In vitro transcription was 
performed using a T7 Megascript Kit (Ambion) with 1 .5 pi of ds-cDNA 
10 template in the presence of a mixture of unlabeled ATP, CTP, GTP, and UTP 
and biotin-labeled CTP and UTP (bio-11-CTP and bio-16-UTP (Enzo)). 
Biotin-labeled cRNA was purified using a RNeasy affinity column (Quiagen). 
The amount of biotin-labeled cRNA was determined by measuring 
absorbance at 260 nm. Biotin-labeled cRNA was fragmented randomly to 
1 5 sizes ranging from 35 to 200 bases by incubating at 94 °C for 35 minutes in 
40 mM Tris-acetate pH 8.1, 100 mM potassium acetate, and 30 mM 
magnesium acetate. The hybridization solutions contained 100 mM MES, 1 
M (Na + ), 20 mM EDTA, and 0.1% Tween 20. In addition, the hybridization 
solutions contained 50 pM oligonucleotide B2 (a biotin-labeled control 
20 oligonucleotide used for making grid alignments), 0.1 mg/mL herring sperm 
DNA, and 0.5 mg/mL acetylated BSA. The final concentration of fragmented 
cRNA was 0.05 pg/pl in the hybridization solutions. Hybridization solutions 
were heated to 99 °C for 5 minutes followed by 45 °C for 5 minutes before 
being placed in the gene chip. 10 pg of cRNA was placed in the gene chip. 
25 Hybridizations were carried out at 45°C for 16 hours with mixing on a 

rotisserie at 60 rpm. Following hybridization, the hybridization solutions were 
removed, and the gene chips were installed in fluidics systems for wash and 
stain. The fluidics system (Affymetrix GeneChip Fluidics tation 400) 
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performed two post-hybridization washes (a non-stringent wash and a 
stringent wash), staining with streptavidin-phycoerythrin, and one post-stain 
wash. The gene chips were read at a resolution of 6 pm using a Hewlett 
Packard Gene array scanner. Data collected from two scanned images were 
5 used for the analysis. 

Detailed protocols for data analysis of Affymetrix microarrays and 
extensive documentation of the sensitivity and quantitative aspects of the 
method have been described (D.J. Lockhart. Nature Biotech . 14:1675, 1996). 
The Affymetrix GeneChip MU6500 set was derived from selected genes and 

1 0 ESTs from the August 1 5, 1 996 release of GeneBank. Briefly, each gene is 
represented by the use of -20 perfectly matched (PM) and mismatched (MM) 
control probes. The MM probes act as specificity controls that allow the direct 
subtraction of both background and cross-hybridization signals. The number 
of instances in which the PM hybridization signal is larger than the MM signal 

1 5 is computed along with the average of the logarithm of the PM:MM ratio (after 
background subtraction) for each probe set. These values are used to make 
a matrix-based decision concerning the presence or absence of an RNA 
molecule. All calculations are performed by Affymetrix software. To 
determine the quantitative RNA abundance, the average of the differences 

20 representing PM minus MM for each gene-specific probe family is calculated, 
after discarding the maximum, the minimum, and any outliers beyond three 
standard deviations. For example, to calculate fold changes (FC) between 
data sets obtained from young (y) vs. old (o) mice, the following formula was 
used: 

25 = Sl n - Sl v + 1 if SUS! 0 or -1 if Sl 0 < SL 

the smallest of either Sl y or Sl 0 

Where Sl 0 is the average signal intensity from a gene-specific probe family 
from an old mouse and Sl y is that from a young mouse. 
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Alternatively, if the Q (3Ct0rt a measure of the non-specific fluorescence 
intensity background, is larger the smallest of either Sl y or Sl 0f the FC is 
calculated as: 



The Q factor is automatically calculated for different regions of the 
microarray, and therefore minimizes the calculation of spurious fold changes. 
Average of pair-wise comparisons were made between study groups, each 
composed of three animals using Excel software. As an example, each 5- 

10 month-old mouse was compared to each 30-month-old mouse generating a 
total of nine pair-wise comparisons. 

The murine 19K gene chip allows one to monitor more than 19,000 
clustered murine EST transcripts selected from the TIGR (The Institute for 
Genome Research) database. This database is created by assembling ESTs 

1 5 into virtual transcripts called tentative mouse consensus sequences (Tcs). 
These sequence contigs are assigned a TC (tentative mouse consensus) 
number. Therefore, each TC number represents a unique transcript and 
allows one to check or obtain the sequence from the TIGR mouse gene 
index. 

20 3. Results 

The results of our analysis are shown below in Tables 1-16. Tables 1- 
4 and 15-16 are the result of the analysis of mouse gastrocnemias muscle. 
Tables 1 and 15 describe aging-related increases in gene expression, Tables 
2 and 16 describe aging-related decrease in gene expression, Table 3 

25 describes caloric restriction related increases, and Table 4 describes caloric 
restriction related decreases in gene expression. Tables 5-10 describe 
results obtained using mouse brain tissue. Table 5 describes aging-related 
increases in gene expression in neocortex, Table 6 describes aging-related 



5 
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decreases in gene expression in neocortex, Table 7 describes caloric 
restriction related increases in gene expression in neocortex, Table 8 
describes caloric restriction related decreases in gene expression in 
neocortex, Table 9 describes aging-related increases in gene expression in 
5 the cerebellum, and Table 10 describes aging-related decreases in gene 
expression in the cerebellum. 

Tables 11-14 are the result of the analysis of mouse heart muscle. 
Tables 11 and 12, obtained by use of the Mu19K Gene Chip, disclose up- 
regulated and down-regulated aging-related genes. Tables 13 and 14, 
10 obtained from the Mu6500 Gene Chip, disclose up-reguiated and down- 
regulated aging-related genes. 
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Table 1. Aging-related increases in gene expression in gastrocnemius muscle of C57BL76 mice 



ORF 


A Age Gene 
(told) 


C lass/Function 


CR 
Reversal 


AA106112 


3.8 


Mitochondrial Sarcomeric Creatine Energy Metabolism/ ATP generation 


C 






Kinase 






AA071777 


3.8 


Synaptic Vesicle Protein 2 


Growth Factor/Neurite extension 


51% 


Y00094 


3.6 


Ypt 1/ras-related GTP Binding 


Transport/Protein trafficking 


C 






Protein 




WtOB55 


3.5 


Methyl CpG Binding Protein 


DNA metaboltsm/gene silencing 


C 


W080S7 


3.5 


Heal Shock 27 kDa Protein 


Stress Response- Chaoerone 


C 


M17790 


3.5 


Serum Amyloid A Isotorm 4 


Stress Response/Unknown 


N 


L06444 


3.5 


GDF-9 


Growth Factor/Unknown 


50% 


AA114S76 


3.4 


Heat Shock 71 kDa Protein 


Stress fiesponse.-Chfl&erone 


C 


W84988 


3.3 


Transcription Regulatory Protein 


Transcriptional Factor/Unknown 


N 






SWI3 






X 64 587 


3.2 


U2AF 


RNA Metabolism/Splicing Factor 


C 


087902 


3.2 


ARF5 


Transport/AD P-ribosylation 


87% 


U19118 


3.0 


LRG-21 


Transcriptional Factor/Macrophage activation 




AA068057 


2.9 


RabB 


Signal TransductiorVUnknown 


Q 


U05837 


2.9 


Beta* Hexosaminidase 


Catabotism/Lysosomal enzyme 




W85446 


2.8 


Protein Kinase C inhibitor 1 


Signal Transduction/Unknown 








HOffiOlOQ 






AA060167 


2.8 


Pre-B Cell Enhancing Factor 


Growth Factor/Cytokine 


C 






Precursor 






M37760 


2.7 


Serine-2 Ultrahigh Sulfur Protein 


Unknown 


45% 


AA096992 


2.7 


G25K GTP-Binding Protein 


Signal TransductiorVUnknown 


N 


AA0O8255 


2.7 


Adaplin Complex Smalt Chain 


Unknown 


37% 






Homolog 






AA 166502 


2.6 


EIF-4A-II 


RNA MetaboHsm/RNA helicase 


N 


X66602 


2.6 


POU* domain protein 


Transcriptional Factor/Unknown 


N 


X79828 


2.6 


NK 10 


Transcriptional Factor/Unknown 


N 


V00719 


2.6 


Afpha- Amylase- 1 


Energy Metabolism/Starch metabolism 


N 


L28177 


2.6 


GAD045 


Stress Response/Cell cycis checkpoint 


77% 


W50941 


2.5 


Nucleotide Pyrophosphatase 


Unknown 


N 


X532S7 


2.5 


Neurotrophin-3 


Growth Fador/Retnnervation of muscle 


50% 


M74570 


2.4 


Aldehyde Dehydrogenase II 


Stress Resoonse-'Alaen'/ie detoxification 


29% 


D49473 


2.4 


Sox17 


Transcriptional Factor/Unknown 


86% 


AA1 17284 


2.3 


2nc Finger Protein 43 (HTF6) 


Transcriptional Factor/Unknown 


N 


W63835 


2.3 


Beta-centractin 


Structural/Contractility 


60% 


AA089097 


2.2 


Phosphatidytcholine-transter 


Transport/Lipid turnover 


c 






Protein 






AA059662 


2.2 


Protease Do Precursor 


Stress Response- Protease 


c 


L22482 


2J2 


HIC-5 


Stress Response/Senescence and differentiation 


c 


X78197 


2.2 


AP-2 Beta 


Transcriptional Factor/Neurogenesis 


N 


AA059664 


2.2 


IGF Binding Protein 


Growth Factor/Cellular senescence 


c 


V00714 


2.2 


Alpha Globin 


Structural/Hemoglobin component 


c 


X99963 


2.2 


moB 


Stress Responses Unknnwn 


87% 


AA014024 


2.1 


Oynactin 


Transport/Neuronal transport 


55% 


X65627 


2.1 


TNZ2 


Stress Response-- RNA ms-tabotism 


64% 


X95503 


2.1 


GTP-Binding Protein (IRG-47) 


Signal Transduction/Unknown 


85% 


V00727 


2.1 


FBJ-MuSV 


Provirus/None 


c 


XI 2807 


2.1 


PP2.5 


Unknown 


c 


W08O49 


2.1 


MAGP 


Structurat/Microfibril glycoprotein 


N 


AA066425 


2.1 


CO-029 


Slructurat/Celt surface glycoprotein 


N 


W82998 


2.1 


POLYA+ RNA Exoort Protein 


RNA Metabolism/RNA export 


44% 


X89749 


2.1 


mTGIF 


Transcriptional Factor/ Neuronal differentiation 


C 


L0791B 


2.1 


GDP- Dissociation inhibilor 


Transport/ membrane dynamics 


N 


X63190 


2.1 


PEA3 


Transcriptional Factor/Response to muscle injury 


c 



•The influence ot CR on ine increased expression with age of specific ORFs is denoted as erther C (complete, *90%). 
N (none) or partial (220%. percentage effect indicated). 
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Table 2. Aging-related decreases in gene expression in gastrocnemius muscle of C57BL76 mice* 



ORF 


A Age 
(fold) 


Gene 


Class/Functi on 


CR 
Reversal 


D29016 


-6.4 


Sauatene Synthase 


Btosynlhesit'Cholosieroi/lntlvacid 


52% 








synthesis 




AA106126 


-4.9 


Myosin Heavy Chain. Perinatal 


Structural Protein/Muscle contraction 


C 


D31B98 


-4.4 


Protein Tyrosine Phosphatase. 


Signal Transduction/Unknown 


79% 






PTPBR7 




U29762 


-4.3 


Albumin Gene D-Box Binding 


Transcriptional Factor/ Albumin synthesis 


85% 






Protein 






AA061310 


-4.1 


Mitochondrial LON Protease 


Energy Metabolism; Mitochondrial biogenesis 


C 


AA1 62443 


-3.6 


Protein Phosphatase PP2a 


Signal Transduction/Unknown 


C 


M89797 


-3.5 


Wnt-4 


Signal Transduction/Unknown 


72% 


M1 6465 


-3.4 


Calpactin 1 Light Cham 


Signal Transduction/Caldurn effector 


C 


X74134 


-3.2 


Ovalbumin Transcription Factor 1 


Transcriptional Factor/Unknown 


N 


U08020 


-3.2 


Alpha 1 Type 1 Collagen 


Structural Protein/Extracellular matrix 


N 


X58251 


-3.1 


Pro-alpha-2(l) Collagen 


Structural Protein/Extracellular matrix 


N 


AA 138226 


•3.1 


Clathrin Light Chain B 


Intracellular Transport/Vesicle transport 


C 


X85214 


-3.0 


Ox40 


Signal Transduction/T Cell activation 


50% 


D76440 


-2.9 


Necdin 


Growth Factor/neuronal growth 


47% 








suppressor 




AA 107752 


•2.9 


EF-1 -Gamma 


Protein Metabotisnv protein synthesis 


63% 


W55037 


-2.9 


Alpha Enotase 


Energy MetaoodsnvGlycolysis 


68% 


X741 34 


-2.8 


COUP-TF1 


Transcription Factor/Unknown 


28% 


U 061 46 


-2.8 


Desintegrirvrelated Proteih 


Unknown 


28% 


U39545 


-2.8 


BMPflb 


Growth Factor/Unknown 


C 


X75014 


-2.7 


Phox2 Homeodomain Protein 


Transcriptional Factor/Neuronal 


65% 








differentiation and survival 




U22031 


-2.6 


20S Proteasome Subunrt 


Protein Metabolism- Protein turnover 


44% 


U70210 


-2.5 


TR2L 


Transcriptional Factor/Apoptosis modulator 


N 


X76652 


•2.5 


3f8 


Structural Protein/Neuronal adhesion 


N 


W54288 


-2.5 


PKCSH 


Signal Transduction/Unknown 


C 


M81475 


-2.5 


Phosphoprotein Phosphatase 


Energy Metabolism Glycogen metabolism 


C 


U22394 


•2.3 


mSin3 


Transcriptional Factor/Inhibitor of 


46% 








cell proliferation 




MA3336 


-2.3 


gp130 


Signal Transduction/Unknown 


77% 


L34611 


-2.3 


PTHR 


Signal Transduction/Ca homeostasis 


N 


X52046 


-2.3 


Pro- Alpha 1 (III) Collagen 


Structural Protein// Extracellular matrix 


N 


L2450 


-2.2 


DNA Binding-protein 


Unknown 


58% 


AA 103356 


-2.2 


Calmodulin 


Signal Transduction/Cafcium effector 


N 


L37092 


-2.2 


P130PITSL Cydirvkinase 


DNA Metabolism/Cell cycle control 


N 




-2.2 


Ubiqurtin Thiolesterase 


Prolein Metabolism.- Protein turnover 


r- 

v» 


AA1 39680 


•2.2 


DNA Polymerase Alpha Primase 


DNA Metabolism/ONA replication 


N 


AA034842 


-2.1 


ERV1 


DNA Metabolism/Maintenance of MtDNA 


46% 


M21285 


-2.1 


Stearoyl-CoA Desaturase 


Biosynthesis/ PU FA synthesis 


C 


U11274 


-2.1 


PmuAUF1-3 


RNA Metaoolism/RNA degradation 


N 


U73744 


-2.1 


HSP70 


Stress Response/Chaperone 


N 


J03398 


•2.1 


MDR 


Membrane Protein/Unknown 


N 


AA145829 


-2.1 


26 S Proteasome Component TBP1 Protein MetaDotrsnv Protein turnover 


C 


M32240 


•2.1 


GAS3 


Growth Factor/Apoptosis and growth arrest 


55% 


L00681 


-2.1 


Unp Ubiqutin Specific Protease 


Protein MelaoohsnvPmtein turnover 


N 


U34277 


-2.0 


PAF Acetylhydrolase 


Unknown 


N 


U35741 


-2.0 


Rhodanese 


Protein MelaooiisnvMitochonanal 


C 








protein folrtinn 




W53731 


•2.0 


Signal Recognition Particle 


Intracellular Transport/Prolein Ira tricking 


C 






Receptor 






AA044497 


-2.0 


Zinc Finger Protein 32 


Transcriptional Faaor/Unknown 


40% 


L27842 


•2.0 


PMP35 


Energy Mel aboiism Peroxisome assembly 


60% 


AA 106406 


-2.0 


ATP Synthase A Chain 


Energy Melaociism ATP syninesis 


N 


AA041826 


-2.0 


IPP-2 


Energy Metacoirsm ^Ivcogen Metabolism 


C 



•The influence ol CR on the increased expression with age of specific ORFs is denoted as either C (complete. £90%), 
N (.none) or partial (£20%. percentage effect indicated). 
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Table 3. Caloric restriction-related increases in oene expression' 



ORF 


i CR Gene 
(fold) 


Class/Function 


U68267 


9.6 


Myosin Binding Prolan H 
IMyBP-H) 


Sir uauraLf Myofibril interactions 


X13135 


J. 7 


Fatty Add Synthase 


Biosyntnesis/Fatty aod synthesis 


U05B09 




LAF1 Transketofase 


Energy Metabolism/Carbohydrate 
metabolism 


W53351 




Fructose- bisphosphai e 
Aldolase 


Energy MetaboJism/Gtycorysis 


M 15501 


3.5 


Cardiac Muscle Alpha Aciin 


Structural/Muscle contraction 


AA071776 


3.5 


Glucose-6-Phosphate 
Isomerass 


Energy Metabotism/Glycolysis 


AA073283 


3.3 


Caroiac Muscle Myosin Beta- Structural/Contractile protein 






Actio 




AA 138226 




Clathrin Light Chain B 


TransponVAxonal transport 


L42M5 


2.9 


Insulin-Activated Amino Aod Transport/ Aminoaad transport 






Trans poner 




U37222 


2.8 


Adipocyte Complement- 
Relaled Protein f Acrp30) 


Growth Factor/Unknown 


W89939 


2.7 


FK506-Binding Protein 
(FKBP-12) 


Signal Transduction/Neuronal 
regeneration 


X16314 




Glutamine Synthetase 


BiosynthesiS'Glutamine synthesis 


AA0B0277 


2.5 


Sodium Potassium ATPase 
Alpha-2 Chain 


Membrane Protein/Ion pump 


W30250 


2.5 


Myosin Light Chain 1 


Structural/Contractile protein 


AA1376S9 


2.4 


Cytochrome P450-IIC12 


Biosynthesis/Steroid biosynthesis 


AA031112 


2.4 


ZFP-37 


Transcriptional Factor/Unknown 


U34295 


2.3 


Glucose Oependent 
insuiinotropjc Polypeptide 


Energy Metabolism/lnsultn sensitizer 


WS4283 


2.3 


Protein Kinase-C Substrate 
(80K-H) 


Signal Transduction/ AGE receptor 


U01841 


2.3 


Peroxisome Protiferator 


Energy Metabolism/Insulin sensitizer 






Recepior Gamma (PPAR) 


a a inao? 


2.3 


Actin 1 


Structural/Con! ractde protein 


AA1 45829 


2.3 


26 S Protease Subuml TBP-1 Protein Metabotism/26S proteasome 








component 


Y00137 


2.3 


Lymph otorin-Beta 


Signal Trans ductiorVCyloxme 


AA1 07752 


2.2 


Elongation Factor t -gamma 


Protein Metaooiism/Protein synthesis 


AA016431 


2.2 


Keratinocyle Upid-btnding 


Unknown/Fatly acid binding 






Protein 


M93275 


2.1 


Adipose Differentiation 
Related Protein (ADFP) 


Unknown 


W53731 


2.1 


Signal Recognition Panicle 


Protein Metabolism/Protein synthesis 






Receptor Alpha Subunit 


U60328 


2.1 


Proieasome Activator PA28 
Alpha Subunit 


Protein Metabolism/Protein turnover 


W78478 


2.1 


Gamma E-crystalHn 


Unknown 


X67083 


2.T 


Chop-i0(gaddi53) 


Stress-Response/Growth arrest 


1 ijlfll Qrt 


21 


Neuropeptide Y 


Unknown 




2.1 


Progesterone Reductase 


Metabolic/Progesterone metabolism 


AA022083 


2.0 


Huntingiin 


Unknown 


X59990 


2.9 


mCyP-Sl ICyclophihn) 


Protein Meiabohsm/Protein folding 


X 5654 8 


2.0 


Purine Nucleoside 
Phosohorytase 


Biosymnesis/Purine turnover 


L2B116 


2.0 


PPAR Delta 


Energy MetabolisnVPeroxisome 
induction 


U43319 


2.0 


Frizzled 6 


Unknown 


XI 4432 


2.0 


Thrombomodulin 


Unknown 


L32973 


2.0 


Thymdyfate Kinase 


Biosynthesis/dTTP sythesis 


D76440 


1.9 


Necdm 


Growth Factor/Neurona) growth 
suppressor 


L368SO 


1.9 


GCAP 


Signal Transduction/ Caicium-oinding 
regulatory protein 


W08293 . 


19 


Translocon- Associated 
Protein Delta 


Protein Metabolism/Protein 
translocation 


A ACM 1626 


1.9 


Protein Phosphatase 
Inhibitor 2 (IPP-2) 


Energy Metabolisnvlnhtbition 
ol glycogen syntnests 


D42083 


V9 


Fructose 1 .e-bisohosphatase Energy MetabolisrrVGIuconeogenesis 


AA008737 


1.9 


Peroxisomal Protein PASS 


Transport/Peroxisome targeting 


W57495 


1.3 


60S Ribosomal Protein L23 


Protein Metabolism/Protein synthesis 


083585 


V8 


Proteasome 2 Subunit 


Protein Metabolism/Protein turnover 


Ml 3366 


i e 


Glycerophosphate 
Dehydrogenase 


Energy Metabolism/Electron 
transpon to rnitochondria 


U37091 


1,8 


Carbonic Anhydrase IV 


Energy Metabolism/CO. disposal 



•The genes listed on this table were not influenced by age. Reversal of aging-associated 
changes are listed in Tables I and 2. Energy Metabolism and Biosynthetic dasses are 
highlighted in blue. 
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Table 4 Caloric restriction-related decreases in gene expression 



2 OR 
(fold) 



Gene 



Class/Function 



AA062328 
X03690 

U60453 
M33380 
038613 
X82457 
U35646 
W13412 

M92416 
U58497 
L29454 
U56773 
D49439 
D31943 

U47737 

X63023 

X53476 

L33768 

U03283 

U14390 

U75530 

X1360S 

U65313 

AA062349 

X76850 

D43694 

U66887 
M83219 
Z14986 
W17516 
078641 
026123 
U71205 
U31510 
U406 
AA059718 
016464 

087963 
U12236 

X98848 
W41974 

X75285 
M96265 
067015 



-3.4 Dnaj Homolog 2 

•2.5 lg Heavy Chain Constant 

Region muib) 
-2.3 Eznt (Zeste Homolog 2) 

-2.3 relB 



i:ress rtebozr,-* Cnacercne 
Immune Function/AntibooV 



Transcriptional Factor/Gene silencing 
Transcriptional Factor/Unknown 

-2.1 921 -L Presynaptic Protein Unknown 

•2.0 es64 Unknown 

-2.0 Ammopeotidase Protein Metabolism/Protein turnover 

-1.9 ATP Synthase Coupling Energy Meiabolism/ATP synthesis 
Factor 8 

-;.9 FGF-6 Growth Factor/Muscle regeneration 

-1 .9 mo86 (Mnb Protein Kinase) Signal TransductiorVUnknown 

-i.9 Fori- 1 (Fibrillin) Slructiiral/Microtmril organizaiion 

- 1 .9 Pelle-like Protein Kinase Signal TransductiorVUnknown 

•1.9 TFIID Subunit pBO TranscriplionaJ Factor/Unknown 

-1.9 Inducible SH2-Con(aining Growth Faetor/Cytokine 
Proiein 

-1.9 TSA-i SignaJ Transductron/T ceil function 

-1.9 Cytochrome P-450-MIA Stress Response Detoxification 

-*.8 HMG-M DNA MetaOotisnvChromaim remodehng 

-i .8 JAK3 Signal Transduction/! cell function 

-1.9 Cvplbl Cytochrome P450 Stress Resocnsc Oetomrieation 

-1 .8 Aldehyde Dehydrogenase-3 Siress Resoons? Detoxification 

-i.3 PHAS-II 

-l.e HisioneH3.3 

-1.8 G3BP 

-IS P31 

-1.8 MAPKAP2 

-1.8 Maih-i 



-1.8 RA050 

-t.8 MRP14 

•1.8 SAMOC 

-1.8 NEDD8 

-1.7 Membrane Glycoprotein 

-1.7 Camonyl Reductase 

-1.7 rit 

-1.7 AOP-ribosyllransferase 

-t 7 Hspi05-oeta 

- 1 .7 DNA Polymerase Beta 

•1.7 HES-1 

-i.7 ETFR-i 

-1.7 Aloha M290 Integrin 

•l 7 6-phcspholructo-2-kinase 

-1.7 AT P-Oependent fl NA 

Heiicase-Homoiog 

-1.6 Fibuiin-2 



Protein MelabotisnVTranslation inhibitor 

DNA melabotasnVChrornatin remodeling 

DNA metaooJisnVHeltcase 

Protein Metabolism/Protein turnover 

Siress Respond Unknown 

Transcription Factor/Neuronal 
differentiation 

DMA MetabotisrrvDNA repair 

Growth Factor/Inflammation 

Biosynthesis/Polyamine synthesis 

Unknown 

Unknown 

Unknown 

Signal Transdudion/Unknown 

Protein MetabotisnvAOP-ribosytation 

Stress ResDcnre Cnaoerone 

DMA Metabolism UNA recatr 

Transcription Faclor/Neuronal 
differentiation 

Transcriptional Factor/Unknown 

Signal Transduction/Cell and matnx 
adhesion 

Energy Metaboiism/gtycolysts 
RNA Metaboiism/Unknown 

Structural/Basement membrane 
Energy Metabolism/ Glycolysis 
Transport/Nudear import 



X93357 
W13191 

U43206 

W11169 

W42234 
W08897 
AA027739 



-1.6 GALT 

■1.6 97k0a Nuclear Pore 
Targeting Complex 
-1.6 5-lypoxygenase Activating Biosynthesi&leukoiriene synthesis 
Protein (FLAP) 

•1.6 SYT Transcriptional FactorAJnknown 

- 1 .6 Thyroid Hormone Receptor Metabolic/Thyroid normone receptor 
Aipna-2 

•1.6 Phosonatidyleihanotamine Signal Transducnon/Unknown 
Binding Protein 

-1.6 SUIilSOl Protein Metabolism/Translation 

initiation (actor 
. DNA Mf-iat-'h'-^ifjIMA (ooaii 



-1.6 XPE 

-1.6 SeryMRNA Synthetase 

■1.6 Heterogeneous Nuclear 
Ribonucieooroiein K 



Protein Metabolism/Protein synthesis 
Transcnpnonal Facior/Unknown 



•The genes iistea on trus taote were not influenced bv age. Reversal ol aging-assoaaied 
cnanges are listed in Tables I and 2. DNA Repair and Stress Response Classes are 
htghligted in green. 



22 



SUBSTITUTE SHEET (RULE 26) 



WO 01/12851 




IPCT/US00/21603 



Table 5. Aging-related increases in gene expression in neocortex of C57BL/6 mice* 



ORF & Age SE Signal Intensity Gene Class CR 





((old) 






Young 






Prevention 


M88354 


5.7 


1.9 


165 


-109 


VasoDfessm-neuropnysm M 


Osmotic stress 


68% 


Ml 7440 


4.9 


0.2 


786 


141 


Comoiement C4 


tmm une/mliammatory 


52"/, 


AA120109 


4.1 


0 8 


278 


65 


Inieneron-inaucea protein 6-16 nomotog 


Immuneftnftammatorv 


loo*.; 


M8B355 


2.7 


0.6 


195 


70 


Oxytocin -neurophysm 


Osmotic stress 


23% 


AA037945 


2.5 


0.2 


254 


73 


Beta- SNAP homolog 


Transport 


N 


AA J 62093 


2.5 


0.2 


145 


21 


Pre-mRNA solrctng factor PRP22 


RNA metabolism 


N 


A Al 37962 


2.4 


0.2 


150 


39 


R AS- related protein RAB-14 


Neurotransmitter release 


N 


KOI 347 


2.3 


0.4 


420 


178 


Glial h&nitary aadtc protein fGFAP) 


Stress response 


38% 


AA027404 


2.3 


0.1 


129 


-43 


Na/K-transoorting ATPase beta-2 chain 


• Ionic transport 


N 


U60593 


2.3 


0.4 


279 


131 


Cao43 


Stress response 


N 


AA137B7t 


2.3 


0.6 


55 


-3J 


PnospnanaytinosnoM-pnospnate 5-kinase 


Signal transduction 


N 


U61751 


2.3 


0.2 


299 


128 


VAMP-1 


Transport 


N 


M21050 


2.2 


0.2 


209 


74 


Lysozyme C 


immune/inttammatory 


54% 


AA 153990 


2.2 


0.9 


343 


155 


G TP: AMP phosphotransferase 


Energy meiafiohsm 


100*/. 












mnocnononal 






W29462 


2.1 


0.3 


114 


-49 


Calpactin 1 light chain 


Structural 


N 


L39123 


2.1 


0.2 


1887 


768 


Aoobpoprotetn O (apoD) 


Stress response 


N 


Lf 16297 


2.0 


0.5 


124 


47 


Cytocnrome B561 


Transport 


N 


M26251 


2.0 


0.3 


484 


260 


Vimenim 


Stress response 


N 




2.0 


0.2 


1 30 


36 


Casein kinase 1, delta isoform 


Stress response 


N 




2.0 


0.2 


115 


-48 


CD40L receptor precursor 


Immun e/inflammatory 


N 


I CMOS? 


2.0 


0.2 


1 7 


-54 


ICAM-2 


I mmuneAnllammatory 


N 


YO0305 


1 .9 


0.2 


225 


101 


Potassium channel protein* 1 


Transport 


N 


AA1 16604 


1 9 


0. 1 


515 


272 


Cam eps in 2 


Stress response 


70% 




1 9 


0.3 


1 68 


92 


Vascular endothelial growth I actor 


Growth tactor 


N 


L 16894 


1.9 


0.4 


123 


• 71 


Cyclaohiitn C-AP 


Stress response 


100% 


L20315 


1 9 


0.2 


1 20 


6 6 


Mrai gene 


Immune/inllammaiory 


N 




1.9 


0.2 


74 


16 


Cytocnrome c oxidase suounti Vlll-H 


Energy metabolism 


N 




1.9 


0.2 


24 


-31 


LIM-kmase 


Unknown 


N 




1.9 


0.2 


107 


1 4 


Fructose- i.6-thsphosprtatase homolog 


Energy metabolism 


87% 


Wt3646 


1.8 


0. 1 


1278 


705 


TI-225 (uDiQuitin) 


Stress response 


N 


J03236 


1.6 


0.3 


681 


362 


JunB 


Stress response 


46% 


X52886 


1.8 


0 . 1 


1 n en 


555 


i>dineDain L/ 


Stress response 


64% 




1 .8 


0.3 


331 


1 53 


Protein pnosphatase inhibitor 2 (IPP-2) 


Unknown 


N 


Xi 6995 


1.8 


0. 1 


757 


375 


N10 ! 


Steroid metabolism 


N 


X 1699 5 


1.8 


0. 1 


624 


363 


Comoiement Clq B-cham 


: tmmtineAnllarnmatory 


100% 


X66295 


1 8 


0. 1 


823 


467 


Comotemeni Clq C -chain 


immune/inllammatory 


75% 


U2244S 


1 8 


0.5 


20 1 


1 60 


Senne/threonrne kinase (Akt2) 


Energy metabolism 


too% 


U17297 


1.8 


0.2 


6 


-43 


Integral memorane pnosonoorotem 7.2b 


Unknown 


N 


AA059700 


1.8 


0.2 


1467 


797 


MHC class t B(2)-microgiooulin 


Immune/inllammaio ry 


64% 


L29503 


1.S 


0.1 


192 


103 


Myettn/oiigooenamcyte glycoprotein (Omg) 


Unknown 


N 


AA16891B 


l.B 


0.4 


326 


166 


Na/K -trans porting ATPase gamma chain 


Transport 


N 


M90364 


1.8 


0.1 


326 


202 


Beta-cat en in 


Stress response 


N 


AA051086 


1.8 


0.2 


179 


89 


HSP40 


Stress response 


52% 


W50891 


1.8 


0.3 


4 1 


-3 


Creatine kinase 


Energy metabolism 


N 


W67046 


1.6 


0.2 


105 


71 


Exoaus-2 


Immune/tnllammaiory 


N 


W 13875 


1.8 


0.2 


216 


125 


Myosin regulatory tight chain 2- A 


Unknown 


N 


X67083 


l.B 


0.3 


121 


47 


Chop-10GAOD153 


Stress response 


N 


AA089110 


1.8 


0.2 


23 


-35 


Dynetn oeta chain, ciliary 


Transport 


N 


V00727 


1.7 


0.3 


404 


236 


clos(p55) 


Stress response 


100% 


AA062328 


1.7 


0.2 


113 


23 


DNAJ protein homolog 2 


Stress response 


N 
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AA122619 


1.7 


0.3 


1 4 


-4 3 


Set proiem (HLA-DR associated protein li) 


Unknown 


N 


M73741 


1.7 


0.2 


1313 


730 


AJoha-B2<fy»Btiin gen e 


Stress response 


67% 


X70393 


1.7 


0* 


146 


65 


Inter-aroha-inhibrtor H3 cham 


irnrnune/tnhammatorv 


56V 


AA1246SB 


1.7 


0.7 


100 


42 


LomalOKtea Urge-1 


Unknown 


N 


W14434 


1.7 


0.2 


401 


240 


Fnjaose-ttsohosonate aldolase 


Energy metaoohsm 


N 


W89579 


1.7 


0.2 


83 


-3 


RAS-reiated protein RA8-* 


Signal transduction 


N 


AA089333 


1.7 


0.1 


336 


221 


Catheosm S precursor 


Stress nsoonse 


56',. 


U19S21 


1.7 


0.2 


70 . 


31 


Vesicle transport prolan (munc-IBc) 


Transport 


N 


AAI07137 


1.7 


0.3 


204 


118 


Casern kinase 1. gamma 


Unknown 


N 


AA106165 


1.7 


0.2 


2312 


1372 


Elongation factor 2 (EF-2) homo tog 


RNA metabolism 


N 


M31B11 


1.7 


0.1 


748 


457 


Ciamhn lignt chain 8 


Transoort 


100% 


AA 140487 


1.7 


0.3 


23 


-25 


Cyctophilm A homolog 


Stress response 


100% 


U37419 


1.7 


0.2 


5B 


•29 


G protein alpha suountt (GNA-15) 


Signal transduction 


N 


AA1 14781 


1.7 


0.2 


52 


26 


Undylate kinase 


DNA metabolism 


N 


X 58861 


1.6 


0.1 


1128 


694 


Complement C1Q atpha-cnatn 


1 mfTUfncrinnarnma tory 


100% 


AA04865D 


1.6 


0.2 


169 


100 


Estradiol 17 Q-dertyorogenase 3 homolog 


Steroid metaoottsm 


N 


W46723 


1.6 


0.2 


83 


46 


Creatine kinase. B chain homotog 


Energy metsooUsm 


N 


U16162 


1.6 


0.7 


112 


82 


Prolyl 4-hydrozyiase atoha(l>-5u0unrt 


Struaural 


N 


X68273 


1.6 


0.2 


105 


73 


Macrostalin 


tmmunertnftammaiory 


N 


W48952 


1.6 


0.7 


87 


38 


(3-adrenergic receptor kinase l 


Signal transaucnon 


N 


AA063B58 


1.6 


0.2 


135 


80 


RHO-felaied GTP-binding protem RHOG 


Signal transduction 


too*/. 


Ml 5525 


1.6 


0.1 


22 


-58 


Larrnnin Bl 


Neuronal outgrowth 


N 


AA068780 


1.6 


0.1 


275 


187 


Phosphosenne aminotransferase nomotog 


Unknown 


76% 


U27462 


1.6 


0.3 


133 


79 


BS4 peptide 


Unknown 


N 


AA1 06077 


1.6 


0.1 


116 


64 


Glutathione peroxidase 


Stress response 


76% 


AA119959 


1.6 


0.2 


194 


128 


Protein transport protein SEC23 


Transport 


N 


AA061170 


1.6 


0.2 


39 


-18 


NEDD-4 protein 


Unknown 


N 


X16151 


1.6 


0.2 


93 


61 


T-ryrnphocyte activation 1 protein (ETs-1) 


fmmune/mttammatory 


N 


W29462 


1.6 


0.3 


114 


-49 


Calpacrin 1 light chain (pi 1) 


Unknown 


N 


AA097579 


1.6 


0.1 


24 


-20 


Zinc finger protein 91 homotog 


Unknown 


52% 


X64070 


1.6 


U.J 


£ 94 


1 63 


mannosfl o^naspnaio receptor 


Lysosomal 


N 


W48519 


1.6 


0.2 


98 


1 00 


GRP94 homolog 


Stress response 


N 


X78B82 


1.6 


0.2 


408 


269 


B-celt receptor associated protein (BAP) 32 


Unknown 


N 


AA106166 


1.6 


0.2 


2312 


1372 


Elongation (actor 2 nomotog 


Protein metabolism 


N 




1.6 


0.2 


279 


1 84 


GTP-btnding protein GTR1 


Signal transduction 


N 


WS1 181 


1.6 


0.3 


42 


25 


DNA-dtrected RNA oorymerase 11 


RNA metabolism 


75% 




1.6 


0.2 


146 


83 


ONA-oinamg protem mrubrtor ID-i 


Transcnononaf factor 


75% 


LOS 115 


1.5 


0.2 


309 


236 


Human CD9 antigen nomotog 


Structural 


100% 


U37353 


1.5 


0.2 


191 


121 


Protein pnostmatase 2A B'afpha3 


Signal transduction 


N 


L 10244 










regulatory suounit 






1.5 


0.2 


316 


206 


Spermidine/spermine Nl •acetyl! ranste rase 


Poryamme metabolism 


N 


J05154 


1.5 


0.2 


72 


6 


Cholesterol acyrtransterase (LCAT) 


Steroid metabobsm 


N 


043643 


1.5 


0.2 


62 


36 


YL-1 


Unknown 


N 


M34141 


1.5 


0.1 


39 


5 


COX-1 


I mmune/inf lammatory 


100% 


L28177 


1.5 


0.1 


35 


-9 


G ADO 45 


Stress response 


N 


X85992 


1.5 


0.1 


51 


10 


Semaohonn C 


Neuronal remodelling 


N 


AA098307 


1.5 


0.2 


85 


47 


Tubulin beta 5 


Microtubule component 


N 



The values presented for Signal Intensity are the averages ot mree mice per age grouo ano are expressed as data tor okVyoung mice. The prevention 
by CR is snown as being none <N) or the calculated percentage effect. The SE was calculated lor the rune parrwrse comparisons and was obtained by 
a.viding me stanoard deviation by ihe sauare root of 3. Tne method from which signal miens.ty is used to esiimaie fold changes is described in the 
Methods section ol tne manuscript. 
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Table 6. Aging-related decreases in gene expression in neocortex of C57BL/6 mice* 



ORF 


ii Age 


SE 


Signal Intensity 


Gtne 


CUss 


CP. 




(fold) 




Old 


Yoono 






Prewritten 


X74U4 


-3.0 


1.1 


157 


387 


Ovalbumin uosueam promoter 


Transcnpuonal tacto' 


N 


L24430 


-2.7 


0.6 


56 


161 


Osteocalcin orecursor 


Unknown 


K 


AA 124352 


-2.S 


0.5 


19 


274 


Neuromedin B precursor homoiog 


Neurotransmssion 


541. 


03 1898 


-2.2 


0.5 


116 


253 


Proiein ryrostne pnospnatase. PTPBR7 


Unknown 


N 


W29468 


•2.2 


0.3 


133 


284 


Myostn dgnt cnam 2 mRNA 


Unknown 


N 


AA065993 


•2.2 


0.3 


16 


115 


GTP-bmdmg nuclear protein RAN homoiog 


Signal transduction 


N 


U3S323 


-2.1 


0.3 


11 


135 


H2-M 


Unknown 


N 


W98695 


-2.1 


0.2 


3 


120 


Plasma re n no 1 -binding protein precursor 


Steroid metabolism 


N 


AA062463 


•2.1 


0.2 


63 


168 


Kidney anorogerwegulated protein 


Steroid metabolism 


N 


U38196 . 


-2.1 


0.6 


64 


151 


Palmytoyiaied protein 055 


Signal transduction 


1001. 


L35135 


-2.1 


0.3 


-42 


32 


T eel) receptor delta chain, C region 


Immune/tnhamma lory 


N 


032200 


-2.1 


0.3 


38 


101 


H«-3 


Unknown 


N 


W98898 


-2.1 


0.4 


•21 


125 


Transiorming protein RFP 


Growth racror 


N 


U2S762 


-2.0 


0.2 


396 


744 


Albumin gene D-Bor binding protein 


Circadian myrhm 


N 


AA 138711 


-2.0 


0.5 


222 


321 


Protein kinase C inhibitor protein 


Unknown 


N 


V,' 12586 


-2.0 


0.3 


135 


548 


Atnal/teiai isoiorm myosin alkali tight chain 


Structural 


49% 


X67312 


-2.0 


0.3 


41 


120 


ret oroto-oneogene 


Unknown 


N 


MS7812 


-2.0 


0.2 


12 


85 


REX-1 


Steroid metabolism 


N 




-2.0 


04 


418 


673 


NEDDB 


Protein metabolism 


N 


X1252E 


-2.0 


0.2 


66 


176 


Hox-i.4 gene 


Growth factor 


N 


X6S4QS 


-2.0 


0.5 


186 


330 


Collagen aiona i chain type VI 


Structural 


100% 


AAC50791 


-2.0 


0.5 


194 


355 


Creatine kinase. M chain 


Energy metabolism 


N 


W55515 


•1.9 


0.4 


132 


243 


Cydtc-AMP-dependent ATF-4 


Transcnptonal laaor 


100% 


133416 


-1.9 


0.3 


184 


291 


Clone 085 secreted protein 


Unknown 


100% 


X70398 


-1.9 


0.9 


186 


325 


PTZ-17 


Growth factor 


N 


M84412 


-1.8 


0.1 


46 


128 


Antigen <Ly-9) 


Immune/oitlarnrnatofy 


47% 


AA067927 


-1.8 


0.2 


63 


132 


DNA-PK-catarytic supunit 


DNA metabolism 


N 


Y09S85 


•1.8 


0.4 


143 


212 


Serotonin 4 L receptor 


Neurotransmission 


N 


X952S5 


-1.8 


0.1 


6 


72 


Gti3 proiein 


Growth lactor 


N 


U37459 


-1.8 


0.1 


37 


87 


Gltal-oenveo neurotrophic lactor (GONF) 


Growth lactor 


N 


M99377 


-1.8 


0.3 


121 


270 


Alpha -2 adrenergic receptor 


Neurotransmission 


N 


082585 


-1.8 


0.5 


916 


1457 


Proteasome 2 suounu 


Protem metabolism 


N 


U52222 


•1.8 


0.2 


61 


160 


MeMa melatonin receptor 


Neuropeptide 


N 


M13710 


•1.7 
•1.7 


0.3 


120 


219 


Imeneron atpna-7 gene 


tntmune/tnltamrnaiory 


N 


D75446 


0.2 


103 


199 


TAKl 


Stress response 


N 


U64445 


•1.7 


0.2 


12 


56 


UoiQuitm lusionoegraaatton proiein (utdll) 


Protein metabolism 


100% 


U39545 


-1.7 


0.3 


144 


235 


Bone moronogenetic protein BB (BmpSb) 


Growth factor 


N 


W59776 


-1.7 


0.2 


95 


174 


Vacuolar ATP synmase catalytic subunit A 


pH regulation 


N 


AA071792 


•1.7 


0.2 


36 


89 


GSTPi 


Protein metabolism 


N 


AA052547 




0.3 


•2 


95 


Pa-Fabp homoiog 


Unknown 


100% 


063819 


-1.7 


0.2 


61 


143 


Neuropeptide V-Yll receptor 


Neuropeptide 


N 


W08326 


-1.7 


0.2 


173 


265 


51PK<L) homoiog 


Unknown 


N 


AA0004S6 


-1.7 


0.2 


1t3 


195 


P55CDC 


DNA metabolism 


100% 


U6G203 


•1.7 


0.2 


til 


181 


FHF-3 


Growth factor 


N 


AA051632 
AA051 147 
X84692 


•1.7 


0.2 


112 


167 


MEK5 


Signal transduction 


61% 


-1.7 
-1.7 


0.2 
0.2 


114 
24 


264 
91 


Chemotaxis oroiem cheY homoiog 
Spnr mRNA lor RNA binding protem 


Unknown 

RNA metabolism 


N 
N 
33% 
N 


U53925 
AA038142 


■1.7 
-1.7 


0.3 
0.3 


100 
251 


169 
376 


HCFt 
RCCi 


Unknown 

DNA metabolism 
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W54682 


-1.7 


0.1 


87 


18B 


A/itrtnromom-lll precursor (Anil) 


U13705 


•1.7 


02 


324 


494 


Piama gmiamnne peroncase tWUSPGPX) 


X753&4 


■1.7 


0.2 


91 


158 


SAX-i 


232767 


•1.7 


0.3 


117 


205 


RAD52 


AA 107752 


•1.6 


06 


225 


336 


Elongation factor 1 -gamma 


M 12836 


-1.6 


0.6 


56 


1 16 


T-cell receotor gamma cnam gene C-region 


AA0607Q4 


•1.6 


0.2 


975 


1407 


Glutathione S-transterase MU 5 


AA11B294 


-1.6 


0.1 


99 


16: 


Vitronectin homotog 


AA1 23026 


•1.6 


0.1 


72 


166 


Pancreatnis-assoaaied protein 3 homotog 


AA065652 


-1.6 


0.1 


39 


99 


Ubtourtm carooxylHemnal hyoru&se 




-1.6 


0.2 


19 


SB 


ONA-reoair protein XP-E 


MS 8694 


-1.6 


0.2 


67 


109 


Thioetner S-fnetnyttransf erase 


AA 117004 


-1.6 


0.1 


Q 


61 


Heat snock cognate 71 KD protein homotog 


M 15501 


•1.6 


O.l 


229 


325 




LM9430 


-1.6 


0.2 


79 


108 


C e nj loplasmtn 


X69019 


-1.6 


C.2 


36 


j y 


no* j.s gene, complete cos 


M28666 


-1.6 


0.2 


317 


496 


Porphobilinogen Deaminase 


W368759 


-1.6 


0.1 


49 


Mi 


CMP-N-aeeiytneuraminate-oeia-1 .4. 


W11666 


•1.6 


0.2 






gatactoside alpha -2_3- siatyttransterase 


105 


207 


apottpoprotetn H 


W09925 


-1.6 


0.1 


26 


102 


Endothelial aan-bcnding protem 


AA 116282 


-1.6 


0.1 


140 


355 


TNF alpha precursor 


D37791 


-1.6 


0.0 


556 


895 


Beta-i .4.-gatactosytiransierase 


W 12658 


-1.6 


0.2 


143 


216 


FKBP-rapamycin associated protein (FRAP) 


2468454 


•1.6 


0.2 


-16 


39 


Preprogiucagon 


AA 103045 


•1.5 


0.1 


57 


106 


Cleavage stimulation factor. 64 Kd subunit 


A A 108891 


-1.5 


0.2 


4 


62 


Putative ATP-depenoent RNA helicase 


AA 153522 


-1.5 


0.3 


BO 


1S9 


Serine/threonine protein kinase suiu 


M23501 


-1.5 


0.2 


33 


101 


TCA3 


AA063762 


-1.5 


0.1 


112 


193 


2inc finger protein 36 homotog (KOX18) 


AA098588 


-1.5 


0.1 


84 


137 


Zinc finger protem HRX (ALL-1) 


W15873 


-1.5 


0.2 


161 


258 


tciei-i mRNA 


AA 170748 


•1.5 


0.1 


• 14 


48 


40S Ritosomal protein S4 


W80326 


-1.5 


0.1 


• 11 


66 


Sex-determtnmg protein FEM-1 




•1.5 


0.2 


65 


134 


Thioi-SDectfic antioxidant protem nomotog 


D16492 


-1.5 


0.1 


19 


58 


RaRF 


D85845 


-1.5 


0.2 


48 


88 


Atonal homology 


L06451 


-1.5 


0.1 


-55 


87 


Agouti swnen protein mRNA 


AA 166500 


-1.5 


0.2 


51 


141 


Transcriptional regulatory protein RP03 


L2B035 


-1.5 


01 


377 


578 


Protem kinase C-gamma mRNA 


U52197 


• 14 


O.l 


296 


439 


Pory(A) polymerase V 


D29763 


-1.4 


0.1 


799 


1130 


Seaure-reiaied. product 6 type 3 precursor 


U22015 


-1.4 


0.1 


89 


130 


Retinoid X receptor interacting protein 



rmmune/tnna mmatory 
Stress response 
Growm tactor 
ONA meiaooftsm 
Protein metaooiism 
Immune/intta mmatory 
Unknown 
Unknown 
Unknown 

Protein metabolism 
DNA metaootism 
Unknown 
Stress response 
Structural 
Transport 
Growm factor 
Biosyrrmesis 
Siarytnmslerase 

Lipid metaootism 
Growm (actor 
Imrnme/infla mmatory 
Unknown 
Unknown 

Energy metabolism 

RNA metabotam 

RNA metabolism 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 



Stress response 

Unknown 

Growth factor 

Unknown 

Unknown 

Unknown 

RNA metaboirsm 

Unknown/response 

Steroid metabolism 



76\ 



N 
N 
100% 

hi 

N 
57% 

N 
100% 

N 

hi 

44% 
N 

N 
74% 
56% 

N 

N 

. N 
rv 
55% 

N 
61% 
63% 
57% 
61% 
N 
N 
N 
56% 

N 
100% 

N 
100% 

N 
50% 
100% 
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Table 7. Caloric restriction-related increases in gene expression in neocortex of C57BLy6 mice" 



ORF 


CR 
increase 


SE 


Signal intensity 
CR Control 


Gene 


Class 


J04971 


4 1 


0.7 


-10 


67 


Siow/carniac troponin C (cTnC) 


Unknown 


Dt3903 


3.1 


1.2 


150 


49 


MPTPdetta (type A) 


Growth lactor. 


M36660 


3.1 


0.2 


2* 


-114 


NAD(P)H menadione oxiaonsductase 


Stress response 


M55617 


3 i 


0.6 


27 


-48 


MMCP-4 


unknown 


W65178 


3.0 


0.3 


39 


-35 


BMP-1 


Growth lactor 


AA 118682 


3.0 


0.6 


62 


-12 


Tntnorax homo tog 2 


Transcnstional factor 


AA014B16 


3.0 


0.7 


257 


38 


Prolactin home log 


Unknown 


U39904 


2.9 


■ 1 4 


100 


-169 


Citron, putative mo/rac effector 


Signal transduction 


AA061310 


2.9 


0.7 


87 


29 


Mitochondrial LON protease 


Energy metabolism 


U02098 


2.8 


0.5 


82 


35 


Pur- aloha 


DNA metabolism 


M29395 


2.8 


0.3 


35 


-20 


Oratidine-5-monophosphate decarboxylase 


0NA metabolism 


M23236 


2.B 


0.5 


16 


-57 


Retrovirus POL protein nomotog 


Unknown 


M13019 


2.8 


0.4 


•t5 


-130 


Thymtdytaie synthase 


DNA metabolism 


X76858 


2.6 


04 


58 


-17 


pht AP3 


Unknown 


W56940 


2.5 


0.2 


81 


24 


Neuronal-glial cell adhesion molecule nomotog 


Unknown 


X59846 


24 


0.6 


215 


156 


GAS 6 


Growth factor 


U05247 


2.4 


0.3 


656 


250 


c-Src kinase 


Signal transduction 


AA 1CM31 6 


2.3 


0.3 


25 


-46 


Type-I ER resideni kinase PERK 


Stress response 


L04302 


2.3 


0.2 


49 


2 


Thrombospondin 3 


Structural 


W5S507 


2.3 


0.3 


31 


-14 


D(2) Dopamine receptor 


Neurotra nsmtssion 


AA014909 


2.3 


04 


56 


-39 


Gastrula ztne finger protein XLCGF20.1 


Unknown 


U46923 


2.2 


0.8 


71 


-13 


G protem-coupled receptor GPR19 


Unknown 


M34857 


2.2 


0.1 


176 


57 


Hok-2.5 


Growth factor 


M74227 


2,2 


0.3 


162 


48 


Cydophiiin C (cyp C) 


Immune/mil ammatory 


W 12794 


2.2 


0.3 


48 


-59 


Transforming protein MAF homctog 


Transcriptional factor 


X62940 


2.2 


0.1 


2199 


931 


TSC-22 


Unknown 


LOW 51 


2.2 


0.1 


136 


-55 


Agouti switch protein 


Unknown 


AA052547 


2.2 


0.1 


74 


-2 


Fatly acid-binding protein, epidermal (E-FABP) 


Transport 


W 17956 


2.2 


0.4 


10B 


-2 


Zinc finger protein 42 homolog 4 


Unknown 


X95226 


2.2 


0.4 


53 


-l 


Dysiroorevtn 


Structural 


A A1 52808 


2.2 


0.2 


141 


24 


Protetne kinase PASK 


Signal transduction 


AA014512 


2.1 


0.5 


32 


•2 


Unknown 


Unknown 


W74811 


2.1 


0.4 


17 


-46 


Aooitpoproiem c-ll precursor (APO-CII) 


Transport 


U69270 


2.1 


0.7 


323 


210 


LIM domain binding protein 1 |Ldb1) 


Growth factor 


W54720 


2.1 


0.2 


100 


19 


Ca"-iransponmg ATPase Ibrain isoiorm i) 


Unknown 


X13460 


2.1 


0.1 


313 


151 


Annevin VI 


Signal transduction 


U61362 


2.1 


0.3 


57 


-35 


Groueho-related gene 1 protein (GrglJ 


Unknown 


W09323 


2.1 


0.3 


9t 


-11 


Enoothelm-2 precursor (ET*2) 


Unknown 


W70403 


2.1 


0.2 


17 


•19 


malF 


Unknown 


AA07t685 


2.0 


0.4 


93 


47 


Elongation lactor t-atpha cnarn nomotog 


Protein metabolism 


W 14673 


2.0 


0.4 


133 


8 


BAT3 


Unknown 


WS3409 


2.0 


0.3 


33 


-28 


Protein kinase C homolog. alpha type 


Signal transduction 


U 19880 


2.0 


0.1 • 


28 


-6 


D4 dopamine receptor gene 


Neurotransmission 


M75875 


2.0 


0.4 


280 


119 


MHC H2-K homo tog 


Unknown 


W62842 


2.0 


0.2 


:2 


-24 


ATP synthase Hpid-binding protein P2 precursor 


Energy metabolism 


U48397 


2.0 


0.3 


126 


40 


Aquaponn4 


Osmotic stress 


J00475 


2.0 


0.3 


74 


-34 


tg alpha cnam region C 


Immune/inJta mmatory 


M57960 


2.0 


0.2 


21 


-18 


Carbcnrytesterase 


Unknown 


X57800 


2.0 


0.1 


560 


274 


PCNA 


DNA metabolism 


U36277 


2.0 


0.3 


123 


70 


1 -kappa B alpha chain 


Stress response 
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AAO 15291 


2.0 


0.3 




6T 


Probable Ei*E2 ATPase 


Unnno**^ 


W82109 


2.0 


0.3 




29 


Kift«*in tin hi mam fKLO 


Transport 




1.9 


0.2 


2* 


-26 


RelB 


lnimunc/intta M *i i*aio^r 


Ut3l74 


1.9 


0.2 




2 


B&sotateral Na*K-2Cl cotransDoner 




M33960 


1.9 


0.2 


19 




Plasminogen activator inniottor (PAi-i) 


Growth factor 


X72310 


1.9 


0.3 


106 


38 


DRTF*cotypcottfls*1 (DP-l) 


Transcnptional factor 


AA059886 


1.9 


0.2 


6 


-52 


Retinal degeneration C protein 


Aooototic factor 


U02278 


1.9 


0.2 


19 


•32 


Hox-83 


Growtn factor 


AA072842 


1.9 


0.2 


126 


72 


Na"- and CI -aeoenoent tran sooner NTT73 


TransDOf". 


M98339 


1.9 


0.2 


U3 


•15 


GATA-4 


Transcriptional factor 


W13427 


1.9 


0.3 


195 


94 


Plaletel factor 4 precursor 


Unknown 


U44955 


1.9 


0.2 


45 


2 


AiDha3 connexm gene 


TrartsDon 


L24191 


1.9 


0.1 


104 


25 


intrinsic factor 


Transpon 


W08109 


1.9 


0.3 


142 


99 


Protein kinase C inhibitor 1 (PKCM)homotog 


Unknown 


W36570 


1.9 


0-3 


146 


57 


DMA mismatch repair protein MSH2 


ONA metaDoltsm 


Z34S24 


1.8 


0.2 


42 


-20 


Protein kinase D 


Signal transduction 


AA1 05081 


1.8 


0.2 


46 


-1 


Initiation factor IF-2. mnocnondrial 


Protein metabolism 


U 18797 


1.8 


0.2 


95 


•3 


MHC class I antigen H-2M3 


Unknown 


Ml 1988 


1.8 


0.3 


141 


82 


Hox-A6 


Growth factor 


U17961 


1.8 


0.2 


123 


81 


p62 ras-GAP associated onosonoprotein 


Signal transduction 


WS5103 


1.8 


0.1 


24 


-17 


IGF binding protein 4 precursor rtomotog 


Energy metabolism 


X07997 


1.8 


0.2 


230 


128 


MHC class 1 T-cali antigen LytS.1 


Im mun e/int) a mm a to ry 


W46723 


1.8 


0.3 


164 


83 


Creatine kinase. B chain nomotog 


Unknown 


W48464 


1.8 


0.4 


18 


-7 


Protein-tyrosine phosphatase WEG2 homolog 


Unknown 


L06322 


1.8 


0.1 


84 


-4 


Delta opioid receptor 


N eurotra nsmi ssion 


W49178 


1.8 


0.1 


605 


508 


Tubulin beta-l chain rtomotog 




W48477 


1.8 


0.2 


106 


61 


Thyrotroph embryonic factor homoiog 


Unknown 


W64225 


1.8 


0.3 


60 


44 


G21 


uinuKiwn 


L28167 


1.8 


0.2 


88 


45 


Zinc ringer protein 


Unknown 


W97199 


1.B 


0.3 


37 


62 


Negative regulator of transcription subunit 2 


Trsmcfrmtinnal taftnr 


X01971 


1.8 


0.2 


20 


-35 


Interferon alpha 5 (Mu IFN-alofu 5} 


li i \i\ nine/i ntta mma ton/ 


AA061266 


1.B 


0.3 


164 


125 


Orystcrof-btfldmo, protein rtomotog 


Transport 


U218S5 


1.8 


0.3 


94 


31 


CAF1 


Transcnptional factor 


W87078 


1.8 


0.1 


182 


90 


Unknown 


Unknown 


W34687 


1.8 


0.3 


188 


105 


A cim alpha skeletal muscle nomotog 


Structural 


K01238 


1.8 


0.3 


191 


127 


Interferon atpna 2 


Immune/ml la mmatory 


U 15635 


1.6 


0,2 


70 


9 


IFN-gamma mouced (Mg11) 


Unknown 


LI 3968 


1.8 


0.1 


93 


26 


UCR-motiJ ONA-bincmg protein 


Transcnptional factor 


M86567 


1.8 


0.2 


122 


60 


GABA-A receptor aloha -2 summit 


Neurotransmission 


M87B61 


1.8 


0.3 


5i 


-22 


Grartute memorane protein 140 


Structural 


W55350 


1.B 


0.3 


14 


.4 


Phosphatidy (inositol transfer protein fl isofonn 


Unknown 


L43567 


1.8 


0.1 


35 


-21 


B-celi receptor gene 


fmmune/tnha mmatory 


AA15319S 


1.8 


0.2 


55 


-19 


Ubtauitin-aaivating enzyme El homo tog 


Protein metaootem 


M28312 


1.8 


0.1 


109 


41 


Metaltopfotease mhibnor TIMPl 


Imrnune/tnlia mmatory 



1,1 v *' u " pre " med tor s, 9 nal lmens «V are the averages of three mice per age group and are expressed as data for old CR/old control 
? nmr l^ * was ca^tated lor me nine pa.rwise companions and was obtained by dividing the standard deviation bv tne scuare root of 3 
Tne meinod from which signal intensity ts useo to estimate told changes is desenbed m the Methods section of (he manuscript 
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Table 8. Caloric restriction-related decreases in gene expression in neocortex of C57BU6 mice' 



OflF 


Cfl 


SE 


Signal Inttnthy 




Gene 


Clssi 




Decrease 




cn 


Control 














X76505 


-7.2 


1.0 


•195 


73 


Tyro 10 


Signal transduction 


U430B8 


-5.3 


1.1 


•109 


164 


1L-17 (CTUV-fl) 


immune/tnl tamma tory 


W50186 


-5.6 


2.1 


-38 


129 


heavy cram homoiog 


Unknown 


Y077I1 


-3.5 


0.5 


26 


151 


Zywn 


Signal transduction 


24 7205 


-3.1 


0.B 


45 


200 


PUF 


Transcriptional factor 


AAOO0203 


•2-8 


0.7 


-93 


26 


Ccrtjcoaeroid-binding glooulm precursor 


Transport 


W8365B 


-2.6 


0.5 


51 


197 


Guanine nudeotide-bmding proiem 


Signal transduction 










G(IVG(SVG(0) homotog 




L46815 


-2.6 


0.2 


8 


67 




DNA metabolism 










enhancer 




AA153484 


-2.4 


0.5 


208 


456 


SEHCA2 


Ion transport 


W51466 


•2.4 


0.4 


12 


147 


fhlnnfw* Munn^l nmiain P£A hntfinlnn 

biuoiBio wiannei jjiuicu i rw nomuwy 


Unknown 


U27396 


-2.4 


0.4 


39 


132 


XPC 


ONA Metabolism 


X58069 


-2.2 


0.7 


54 


164 


H2AJ< 


DNA metabolism 


U50712 


-2.2 


0.4 


54 


156 


MCP-5 


in ii nunc riMMoiiinMiioiy 


M61909 


-2.1 


0.3 


39 


125 


nr**KBppa-D POO 


Oil uZ»^ ICWwFUc 


AA072643 


-2-1 


0.4 


49 


110 


Midline precursor homoiog 


Stress response 


L01991 


-2.1 


0.3 


4B 


132 


PANG 


W> 1 WIOWI 1 


L04678 


-2.1 


0.2 


•64 


13B 




Oil VW4UI 01 


W6462B 


-2.1 


0.4 


62 


197 


G(IVG(SVG(0) gamma -7 suOunrt 


wiyiioi icoiijuULUun 


X5409B 


-2.0 


0.3 


55 


136 


iamin B2 


Structural 


AA02345B 


-2.0 


0.3 


20 


107 


Heat shock 27 KD protein nomatog 


Stress response 


DS3380 


-2.0 


02 


-19 


32 


- Alpha - 1 .3-hicosytt ransl e ras e 


Protein metabolism 


U 15548 


-2.0 


0.3 


-30 


42 


Beta 2 thyroid hormone receptor 


Energy metaooitsm 


AA 123385 


-2.0 


0.2 


57 


117 


Pnosohorylase 6 kinase gamma catalytic etiatn 


Energy metaboiism 


X57349 


-2.0 


0.4 


-10 


49 


Transferrin receptor 


Transport 


D 00659 


-2-0 


0.1 


1 


35 


Aroma rase P450 


Biosynthesis 


AA028875 


-2.0 


0.2 


-32 


54 


Gfycme-rtcn cell wall structural homoiog 


Lysosomal 


X7S291 


•2.0 


0.1 


11 


79 


Inn (Indian Hedgehog) 


Signal transduction 


AA041982 


-1.9 


0.3 


44 


84 


LARK 


Orcadian regulation 


AA118758 


•1.9 


0.2 


103 


206 


Multifunctional aminoacyl-tRNA synthetase 


Protein synthesis 


W75353 


-1.9 


0.3 


90 


162 


Aooitpoprotein C-IV 


Transport 


W55410 


-1.9 


0.2 


30 


111 


Tubulin gamma cnain homotog 


Unknown 


L20343 


-1.9 


0.2 


22 


102 


L*type calcium channel beta 2a sudunit isotorm 


Transport 


W91095 


-1.9 


0.5 


44 


93 


Var/MRNA syntnetase 


Protein metabolism 


X81593 


•1.9 


0.1 


53 


119 


Winged-helii domain 


Transcriptional factor 


M3B248 


■1.9 


0.2 


-6 


25 


BALB8N 


Unknown 


J04694 


-1.8 


0.3 


48 


134 


Alpha- 1 type IV collagen 


Structural 


U7650 


-1.8 


0.3 


SO 


B5 


STAT6 R 


Immune /inflammatory 


AA023595 


-1.8 


0.1 


38 


133 


Fnzzled protein precursor 


Signal transduction 


AA015168 


•1.8 


0.2 


42 


97 


inierteron-gamma receptor oeta chain homoiog 


Immune /inflammatory 


A Am IOC 1 


-1 .8 


0.1 


32 


38 


Creatine transporter homotog 


Energy metabolism 


W7B443 


-1.B 


0.2 


17 


106 


MKP-X 


Signal transduction 


03 1842 


-1.8 


0.2 


66 


126 


PTP36 


Structural 


W5013B 


-1.8 


0.2 


1 


162 


Putative serme/ihreonine-orotem kinase B0464.5 


Unknown 


L35307 


-1.8 


0.2 


33 


104 


c-Krox 


Transcriptional factor 


AA073154 


•1.8 


0.3 


31 


66 


Atpha-caternn homotog 


Structural 


W 12720 


•1.8 


0.3 


149 


251 


RAP-2B homoiog 


Signal transduction 


AA 17Q1 69 


•1.8 


0.2 


-17 


37 


Elongation factor i -gamma homotog 


Protein melabottsm 


W489S1 


-1.8 


03 


8 


30 


VoJtage-deDenoent amon-setectrve channel 
protein 2 homotog 


Unknown 


M35732 


-1.8 


0.3 


-13 


17 


Seminal vesicts secretory protem IV 


Unknown 
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AA145515 


-1.6 

•i.e 


C.3 
C l 


68 
-7 


187 
62 


Pre-MRNA sohcmg factor PRP6 
Cell division protein wnase 4 


W13162 






J03482 


-1.8 


C.2 
0 1 


42 

-A 


113 
59 


Htstone HI 

ToDotsomerase c m nomoiog 


W82793 


-1.8 








• 1.B 


0.3 


1 


51 


P/L01 


23 13B0 








O.i 


16 


37 


Rabkmesm-6 


Y09632 


-1.8 


605 ribosomat protein L10 


AA066621 


-1.8 


0.2 


13 


63 


U67874 


-i .e 


0.3 


46 


85 


Ubiqurttfi mioiesterase tamiiy 


AA1097U 
AA0079S7 


-l.e 

-1.8 


0.3 
C.2 


562 
210 


968 
357 


Thr»nm/MnNA svninetase nomoiog 


AA1 62633 
Ml 7299 


-1.8 
-IB 


0.2 
0.3 


46 

29 


95 
101 


IsoleucyWRNA synthetase 
ohn«nHr«tveeraia kinase (pQk-2) 


AA050102 
W54637 
D 10028 


-1.7 
-1.7 
-1.7 


0.3 
0.2 
0.3 


211 
72 
167 


263 
137 
312 


Elongation (actor 2 (EF-2) 

Tubulin beta-2 chain ctass*tt homolog 

Glutamate receptor channel suburnt zeta l 


M28587 


-1.7 


0.2 
0.2 


•52 
60 


30 
144 


Alpha leukocyte interferon 

in •••■I'm wm^mntnt sutasir3te*3 
insulin reccpioi »w»"oir« 


AA023506 


•1.7 




W70629 


-1.7 


0.3 


92 


158 


COPIt 


U33626 


-1.7 


03 


66 


125 


HMLlSOTOim l 


AA144746 


-1.7 


0.2 


42 


92 




M19380 


-1.7 


0.3 


1406 


2303 


f* ^KwwHi ilrf> t^sttn UI1 
y^ai 1 1 iwuuun iwo 1 " 


AA144136 


-17 


0.2 


43 


100 


Choline kinase R1 nomoiog 


AA1 658*7 


-1.7 


0.3 


331 


509 


EF-1-fltpha2 homolog 


W33415 


-1.7 


0.2 


90 


136 


ATD r in it in hritn 
Hlr (Jill a w"»yo»w 


U3S233 


-1.6 


0.1 


71 


109 


Endothehn- 1 


W573B4 


-1.9 


0.3 


6 


15 


ato eimthae* A chain n onto! 00 


X60452 


-1.6 


0.3 


124 


200 


riitju-nrnma P_AVIH1A 
LrylOCrli lm ■ iC r^JUUl^ 


AA022127 


-1.6 


0-1 


172 


279 


WaMilar amrtnttl^lijll OfOWth taCtQf 

vascular cnuouio»i y iv " ul 1 


AA168B41 


-1.6 


0.2 


169 


289 


cannaAnrMvimMiratein kinase PAK 


AA120S85 


-1.6 


0.1 


9 


64 


n i Mil I.. ii ■■n R.ino nrscufsor 

ApO lltXIUI Uie In D"IW ptcvwi»ui 


AA104561 


-1.6 


0.2 


104 


166 


tlr-4A nomoiog 


X17071 


-1.6 


0.1 


25 


90 


Tropnobiast-SDedfic proiein 


M9626S 


• 1.6 


0.1 


153 


250 


Galactose- i-phospftate uridyl transferase 


AA145160 


-1.6 


0.2 


178 


287 


Translationai initiation factor 2 alpha 


X63473 


-1.6 


0.1 


69 


110 


rrv4 muscarinic acetylcholine receptor 


AA002750 


-1.5 


0.2 


176 


290 


5* lipoxygenase activating protein (FLAP) 


W6469B 


-1.5 


0.2 


51 


63 


Protein kinase C inhibitor 1 


U6384 I 


-1.5 


0.1 


120 


197 


NeuroDS 


U04294 


■ 1.5 


0.1 


99 


150 


Potassium channel suDunit (nveag) 


M33227 


-1.5 


0.2 


259 


396 


urypiom-reiaieo i^n;»^i 


U20532 


-1.5 


0.1 


45 


67 


OA C UC Miaiul liMnr 9 (KJrf2l 


AA 140026 


-1.5 


0.1 


378 


519 


p>Kl A rttrmrtafi DMA rVtlVRIAnSB POfV06PtlOB G 


W09O25 


-1.5 


0.1 


47 


68 


ATP synthase B chain nomoiog 


W29163 


-1.5 


0.1 


342 


465 


Leydig cell tumor 10kd protein homotog 


AA155191 


-1.5 


0.1 


36 


65 


Ktnesin heavy chain 


MBO360 


•1.5 


o.v 


63 


96 


Rep- 3 


AA044S61 


-1.4 


0.2 


93 


132 


PEP carborykinase • mitochondrial 


AA096843 


-1 4 


0.2 


130 


175 


Unknown 


X57277 


-1.4 


0.1 


908 


1298 


Rad 


W82998 


-1.4 


0.1 


256 


363 


BUB3 



RNA metacoiism 

qna metaDoiism 

DNA metaootism 

DNA metabolism 

Unknown 

Transpon 

Protein metaoohsm 

Protein metabolism 
RNA metaooirsm 
Protein metabolism 
Protem metabolism 
Energy metabolism 
Protein metaoousm 
Unknown 

Neurotransrrusston 
Immune /inflammatory 
Energy metaoousm 
Protein metabolism 
Unknown 

Protein metabolism 
Signal transduction 
Biosynthesis 
Protem metabolism 
Unknown 

Vasoconstrictive peptide 
Energy metabolism 
Stress response 



Stress response 
Protein metabolism 
Growth factor 
Biosynthesis 
Protein metabolism 
Neurotransmission 
Immune /inflammatory 
Signal transduction 
Growth factors 
Transpon 

Immune /inflammatory 
Transcriptional factor 
ONA metabolism 
Energy metabolism 



Transport 

DNA metabolism 

Energy metabolism 

Unknown 

Signal transduction 
DNA metabolism 



•The va.ues presented tor Signal intensity are the averages of three mice per age group and are ^' 

mice Tne SE was calculated for me nine pa-rwtse co moan sons and was obta-ned by dividing the standard deviation by Uie square rool of 3. 

The method Irom wmch signal intensity ts used to estimaie fold changes is oescnbed m the Methods section of the manuscnpt 
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Table 9. Aging-related increases in gene expression in the cerebellum of C57BL/6 mice' 



ORF 


Fold Change SE 


Signal Intensity 


Gene 


AA120109 






Old 


Young 


9.3 


3.4 


254 


29 


•■MCMC'uii'uiuutcu uruicin o 10 precursor 


M21050 


6.4 


0.9 


291 


14 


Lysoiyme P (Lzp-s) 


X56824 


5.7 


1.9 


160 


89 


i ufriur -muuceo j£ ku protein [Qjci 


V00727 


5.6 


26 


252 


57 


c-los 


M13019 


4.9 


0.7 


109 


3 


■ uyiiuuyiaic syninaSc 


L 16894 


4.7 


1.0 


19? 






AA 146437 


4.7 


0.3 


841 


169 


Cathepsin S precursor 


X 58861 


4.4 


0.2 


715 


160 


ClQ alpha -chain 


W67046 


4.3 


o.a 


50 


1 


C6 chemokine 


X66295 


4.1 


0.6 


508 


147 


ClQ C-cham 


W65899 


4.1 


1.8 


152 


53 


w0<ii)iu i luwcuinjc^M'noirtu pruicin 


U00677 


4.1 


2.2 


15 


-10 


Syritrophin* 1 


X68273 


3.9 


1.8 


103 


-37 


Macrosiaiin 


U 19854 


3.9 


0.5 


2= 


-63 


1 Jhinttrt matmrt ttn-rvma CO.onw 
is ui i^u 1 1 1 1 1 a u J DJIfyiTiQ £ Ur\ 


U63133 


3.9 


1.1 


3ie 


95 


Emv-3 


L20315 


3.8 


0.1 


97 


26 


MPS1 


K01347 


3.8 


0.7 


337 


109 


Glial fibrillary acidic protein (GFAP) 


M 17440 


3.7 


0.3 


445 


116 


Sex-hmiiea protein (SlpA) 


X91 144 


3.6 


1.3 


33 


-2 


P-selectin glycoprotein bgand 1 


U43084 


3.5 


0.8 


54 


18 


IFfT-2 Glucocorticoid- attenuatea response 


AA089333 


3.4 


0.2 


203 


61 


Cathepsin S precursor 


XB3733 


3.4 


0.3 


7t 


-7 


SAP62-AMH 


W45750 


3.3 


1.3 


197 


257 


Guanine nucleatide-blnding protein G(T) 


M22531 


3.3 


0.2 


431 


146 


Clq B-cnarn 


AA031244 


3.1 


0.4 


83 


9 


DNAJ protein homolog HSJ1 


M60429 


3.1 


0.8 


121 


37 


In -nam ma 1 i^hsin 
•y y a| i ii j la i main 


AA036O67 


3.0 


0.4 


815 


311 


Apolipoproiein E precursor (APO-E} 


U06119 


2.9 


0.3 


27 


4 


Cathepsin H prepropeptide (ctsH) 


A A 106347 


2.9 


0.3 


243 


57 


Angiotenstnogen precursor 


W98998 


2.9 


0.7 


182 


79 


Neurogenic locus notch homolog protein 1 


AA059700 


28 


0.3 


2013 


687 


mml. class ( B(Z)-microgtooulin 


U73037 


2.8 


0.8 


69 


41 


mieneron regulatory lactor 7 {min/j 


Y00964 


2.8 


0.3 


780 


316 


beta-he xosaminidase (Hexb) 


X55315 


2.8 


0.6 


63 


15 


FetUS Cerpftrfll r-nrlav fnr 11 ITO 


U37465 


2.8 


0 1 


15 


.7 


PrOfiBin (VfOllflA nhncnhalaea n hi fDTOnkM 

. pwi^fii ijiuaimd pi luo^jiiaiase pni \r* i r*pni) 


L07803 


2.7 


1.2 


24 


•15 


trombospondm 2 


U191 19 


2.7 


0.3 


52 


•5 


r^>nml0in.lil/a t Qf*l At 


X52886 


2.6 


0.2 


893 


326 




W70578 


2.6 


1.2 


31 


7 


Antigen WCl.1 


X 16705 


2.6 


0.4 


93 


-i 


Laminrn B 1 


W57539 


2.6 


0.3 


28 


6 


Oocyte 2inc linger protein XLCOF8 


X52308 


2.6 


0.4 


32 




Thrombin 


U70859 


2.6 


0.7 


109 


46 


Caiionic ammo acid transporter (CAT3) 


U41497 


2.6 


1.1 


160 


40 


Very-long chain acyl-CoA dehydrogenase 


AA0B9339 


2.6 


0.5 


76 


31 


Cystatin C precursor 


X16T51 


2.5 


0.1 


239 


95 


Early T-Jymphocyte activation i protein 


U37419 


2.5 


0.5 


111 


.2 


G protetn aloha subumt 'GNA-1S) 


K02785 


2.5 


0.5 


15 


-6 


r-los 


Ml 2289 


2.5 


0.5 


39 


25 


Pennatal skeletal myosin heavy chain 


X58649 


2.4 


04 


59 


13 


Murine Hox-4.7 


AA063858 
D 10632 


2.4 


0.2 


B9 


32 


Rho-relaied GTP-bindtng protein RHOG 


2.4 


0.2 


33 


-27 


2inc finger protein 


U33005 


2.3 


0.4 


35 


-8 


mci 


W85160 
U57331 


2.3 


0.7 


70 


41 


40S ribosomal protein S4. X isolorm 


2.3 


1.0 


42 


15 


Transcnplion lactor Tbx6 (Ibx6) 



Class 

Immune/inllammatory 

Immune 

Unknown 

Stress 

DNA metabolism 
Immune/inf la mrnatory 
Stress 

Immune/inllarrtmatory 
Immune/mtla mrnatory 
tmmune/inflarnrnatory 
Signal transduction 
Neurotransmission 
Immune/inttammatory 
Protein metabolism 
Viral 

Irnmune/tnllamrnatory 
Stress 

tmmune/inflamma tory 
Immune/inflammatory 
Immune/inflammatory 
Stress 

RNA metabolism 
Signal transduction 
Immune/inflammatory 
Stress 

Immune/inflammatory 
Lipid transport 
Stress response 
Osmoregulation 
Immune/inflammatory 
Immune/inf la mmarory 
Immune/inflammatory 
Unknown 

Transcnplion lactor 

Unknown 

Structural 

(mm une/inf la mrnatory 
Stress response 
Immune/inflammatory 
Structural 
Unknown 

Fibrinogen activation 

AA transport 

Lipid metabolism 

Immune/mflammalory 

Immune/inf la mrnatory 

Unknown 

Stress response 

Structural 

Developmental 

Signal transduction 

Transcription lactor 

Unknown 

Unknown 

Developmental 



CR 
Prevention 

N 

88 
100 

30 

87 

N 
62 
80 

N 
56 
80 
100 

N 

100 

N 
56 
61 

N 

100 
N 

71 

100 

100 

65 

100 

100 

28 

55 

80 
100 

45 

50 
47 
100 
63 

N 

N 
38 
81 
84 

N 
91 
49 
100 
100 
49 
N 
N 

100 
100 
74 

N 

N 

too 

92 
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U44731 

W87253 

U53142 

AA087715 

049429 

AA155318 

AA032593 

X 03690 

M26417 

XB6374 

W90894 

M84005 

X 55573 

W30129 

AA163771 

X7291C 

AAH6604 

L 16462 

LI 3732 

D37791 

A A 125097 

AA 109998 

M88127 

X1353B 

V01527 

AA144411 

X63535 

M83348 

W08211 

W13136 

W46084 

U73744 

D29763 

AA11B121 

M27034 

U35249 

J03776 

U28728 

AA124192 

W63809 

XI 6834 

X 16995 

J02870 

L21768 

AA 117284 



2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.3 

2.2 

2.2 

2.2 

2.2 

2.2 

2.2 

2.1 

2.1 

2.1 

2.1 

2.1 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.B 

1.8 

1.8 

1.8 

1.8 

1.B 



0.2 


71 


20 


Putative ounne nucleotide binding protein 


.. .lune/tnliammatory 


N 


0.6 


58 


16 


iniegnn beta -5 subunrt precursor 


Cell adnesion 


100 


0.2 


223 


101 


Endothelial constitutrve nunc oxiae syntnase 


Neurotransmission 


N 


0.1 


85 


-61 


GTPase-acnvating protein SPA-i 


Unknown 


N 


0.3 


554 


251 


Rad2i homolog 


ONA metabolism 


73 


0.4 


291 


129 


HNRPl 


RNA metabolism 


N 


0.1 


99 


17 


Transduon beta chain 2 


Signal transduction 


83 


0.2 


45 


-13 


ig mu cnain 


Immune/inflammatory 


93 


0.5 


54 


28 


T cell receptor beta chain 


Immune/inflammatory 


100 


0.6 


73 


38 


7AG7 


Immune/inflammatory 


38 


0.3 


27 


-11 


Cell division p intern kinase 4 


ONA metabolism 


100 


0.7 


83 


51 


Olfactory receptor 15 


Odor receptor 


23 


0.5 


S5 


19 


Brain-derived neurotrophic factor 


Growth factor 


N 


0.3 


90 


-16 


Pnosphatidylinosirol gtycan rtmotog 


Structural 


100 


0.3 


153 


67 


EIF-2B epsilon subunrt 


Protein metabolism 


N 


0.4 


96 


44 


HSA-C 


Unknown 


N 


0.2 


303 


181 


Caihepsin Z 


Stress response 


64 


0.4 


51 


4 


BCL2*related protein Al 


Apoptosis 


58 


0.4 


53 


29 


Nad. resistance-asstd. macrophage protein 1 


Immune/inflammatory 


85 


0,1 


934 


424 


B eta- 1 .4-gatanosyttransf erase 


Protein metabolism 


82 


0.1 


618 


313 


Unknown 


Unknown 


94 


0.2 


40 


12 


Hexokinase O homotog 


Energy metabolism 


100 


0.2 


33 


-8 


APC2 homolog 


Unknown 


82 


0.5 


114 


45 


Hox-1.4 


Growth/development 


too 


0.5 


28 


10 


H2-IA-oeta 


Immune/inflammatory 


too 


0.1 


66 


79 


Unknown 


Unknown 


'100 


0.1 


55 


21 


Tyrosine-protain kinase receptor UFO 


Signal transduction 


N 


0.1 


42 


22 


Pregnancy specific glycoprotein homolog 


Unknown 


N 


0.2 


62 


26 


TGF-beta receptor type 1)1 


Signal transduction 


100 


0.4 


266 


87 


Angiotenismogen 


Osmoregulation 


36 


0.1 


89 


45 


Unknown 


Unknown 


N 


0.1 


3958 


2909 


Heat shock 70 


Stress response 


100 


0.2 


465 


271 


Seizure-related, product 6 type 3 


Unknown 


47 


1.0 


51 


37 


isoleucyt-tRNA synthetase 


Protein metabolism 


N 


0.2 


258 


163 


MHC class 1 D-region 


Immune/inflammatory 


N 


0.1 


6B 


36 


COK-acuvanng kinase assembly factor 


ONA metabolism 


61 


0.4 


37 


22 


Down regulatory protein (rpi-1 r) ot IL-2 receptor 


Immune/inflammatory 


N 


0.3 


221 


U2 


Efs 


Signal transduction 


66 


02 


411 


244 


Unknown 


Unknown 


44 


0.4 


136 


80 


Unknown 


Unknown 


73 


0.2 


455 


182 


Gaiectm-3 


Immune/inflammatory 


N 


0.2 


351 


221 


N 10 nuclear hormonal receptor homolog 


Unknown 


100 


0.2 


848 


380 


40S ribosomai protein SA 


Protein metabolism 


100 


0.2 


153 


76 


EGF15 


Growth factor 


68 


0.1 


217 


123 


Zinc linger protein homolog 


Unknown 


N 



■The values presented lor Signal Iniensiry are tne averages ot three rruce pe, age group and are expressed as data lor okWouna rrnce The 

rt h ' S 5 T nWn " l T B n ° ne ,N) " ,he calcut " ea oercena 9 e eH «- Tne SE was catcutted tar the rune paZ^Xons and was 
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Table 10. Aging-related decreases in gene expression in the cerebellum of C57BU6 mice* 



ORF 


Fold Change 


SE 


Signal Intensity 


Gene 


Class 


CR 






Old 


Young 






Prevention 


U0O445 


^1.3 


1.4 


39 


132 


Glucos6-€-pno$pftatase 


Energy metabolism 


79 


W48S04 


-4.1 


1.1 


32 


78 


phosphoneuroprptein 14 ho mo tog) 


Unknown 


N 


AA 153237 


-3.9 


0.7 


67 


218 


Myosin regulatory Itght chain 2 (MLC-2). 


Unknown 


61 


W51213 


-3.9 


0.5 


14 


57 


NEDD-4 homo log 


Protein metabolism 


55 


X56304 


-3.1 


0.4 


2 


27 


Tenascin 


Growth/development 


N 


W12681 


•3.1 


0.6 


30 


126 


Hepatocyie growth factor 


Growth/development 


37 


Z68B89 


-2.9 


1.0 


30 


70 


Wnl-2 homolog 


Growth/development 


N 


W55684 


-2.8 


0.6 


13 


37 


Brain protein i47 


Unknown 


N 


U04827 


•2.8 


0.5 


94 


219 


Brain tatty acid -binding prolan (B-FABP) 


Growth/development 


N 


AAO08066 


-2.7 


1.0 


1 


61 


Pre-mRNA splicing factor PRP22 


Unknown 


74 


W55300 


-2.7 


0.7 


20 


47 


Fairy acid-binding protein, heart (H-FABP) 


Unknown 


71 


D1 3903 


-2.7 


0.5 


7 


37 


MPTPdeita (type A) 


Growth/development 


N 


AA013976 


-2.6 


0.5 


162 


405 


POL potyprotein; reverse transcnptase; 


Unknown 


N 












ribonuctease H 






W 10865 


-2.6 


0.2 


14 


142 


Myosin light chain 1. atriatffoetaf isoform 


Unknown 


N 


AA020296 


■2.5 


0.2 


-162 


166 


NG9 


Growth/development 


100 


W64865 


-2.5 


1.1 


10 


31 


Stal-3 


Unknown 


N 


AA1 39694 


-2.5 


0.3 


64 


203 


Beta-myosin heavy chain 


Transport 


100 


U29762 


-2.5 


0.3 


304 


657 


Albumin gene D-Box binding protein 


Transcription Factor 


N 


M87276 


-2.4 


0.5 


16 


34 


Thrombospondin 


ouuciurai 


52 


X02677 


-2.4 


0.2 


63 


160 


Anion exchange protein 


Anion exchanger 


100 


X 04836 


-2.4 


0.2 


22 


68 


T-cefl antigen CD4 


Immune/tnllammatory 


100 


X87242 


-2.4 


0.3 


48 


111 


unc-33 


G rowth/development 


70 


AA163Q21 


-2.4 


0.2 


28 


143 


Annexin VIII 


Signal transduction 


84 


M31B10 


-2.4 


0.3 


29 


113 


P -protein membrane transporter 


Transport 


100 


M97900 


-2.4 


0.6 


18 


49 


Unknown 


Unknown 


20 


Ml 5008 


-2.4 


0.6 


101 


227 


Steroid 2l-hydroxytase B 


Steroid metabolism 


100 


M99377 


-2.4 


0.5 


77 


191 


Atpha-2 adrenergic receptor 


Neurotransmission 


N 


M32490 


-2.4 


0.3 


62 


122 


Cyr61 


Growth/development 


41 


AA 168350 


-2.3 


0.3 


130 


237 


Cysteinyl-tRNA synthetase 


Protein metabolism 


83 


AAO61206 


-2.3 


0.2 


8 


52 


Unp (ubiouion protease) 


Protein metabolism 


N 


W 12794 


-2.3 


0.3 


23 


96 


Unknown 


Unknown 


78 


AAO 50593 


-2.3 


0.1 


5 


69 


Unknown 


Unknown 


62 


AAO50715 


-2.3 


0.3 


64 


148 


Smoothehn 


Structural 


92 


AA106463 


-2.2 


0.3 


1 10 


277 


Phosphoenotpyruvate carboxykmase. 


Energy metabolism 


N 


X90829 


-2.2 


0.3 


-16 


9 


Lbx1 


Growth/development 


N 


X65588 


-2.2 


0.3 


-1 


24 


mp41 


Neurotransmission 


N 


J0O47S 


•2.2 


0.2 


-23 


58 


ig alpha chain 


Immune/infla mmalory 


N 


X03019 


-2.2 


0.3 


4 


71 


GM-CSF 


tmmuneAnfla mmatory 


26 


W34687 


•2.2 


0.4 


62 


115 


Atpha-actin 


Transport 


78 




•2.2 


0.4 


27 


56 


A Ipha - sy n ucl e tn 


Growth/deve lopm ent 


N 


AA068153 


•2.2 


0.3 


14 


39 


Pofvadenylate-binding protein 


RNA metabolism 


55 


U36842 


•2.1 


0.5 


22 


36 


Riap 3-inhibrtor ol apoptosis 


Apoptosis 


100 


W09127 


•2.1 


0.3 


3 


85 


605 ribosomal protein L22 


Protein metabolism 


100 


D63819 


•2.1 


0.2 


29 


87 


Neuropeptide Y-Yl receptor 


Neurotransmission 


N 


M338S4 


-2.1 


0.1 


70 


139 


Env poiyprotein 


Viral protein 


55 


AA 144430 


-2.1 


• 0.3 


64 


156 


NF-KB Pi 00 inhibitory subunit 


Stress response 


48 


AA16e554 


-2.1 


0.3 


119 


246 


Unknown 


Unknown 


85 


U35730 


•2.1 


0.8 


12 


30 


Jerky 


Unknown 


N 


M92649 


•2.1 


0.4 


45 


112 


nitric oxide synthase 


Neurotransmission 


N 


D 12907 


•2.1 


0.2 


55 


126 


Serine protease inhibitor homotogue 


Unknown 


85 


Ml 7327 


•2.1 


0.2 


234 


566 


Env poiyprotein 


Viral protein 


56 


AA 170444 


-2.1 


0.2 


172 


246 


Ubiquitm-activating enzyme El 


Protein metabolism 


100 


W12658 


•2.1 


0.3 


203 


415 


FKBP-rapamyctn associated protein 


Unknown 


N 


AA 123026 


•21 


0.3 


60 


116 


REG 2 


Unknown 


100 
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W13125 


•2.1 


0.5 


111 


<;32 


Phenytatanyl-iRNA synthetase oeta chain 


Pr*. .i metabolism 


N 


AA 103862 


-2.1 


0.4 


53 


143 


Unknown 


Unknown 


N 


U21301 


-2.1 


0.6 


30 


62 


c-mer tyrosine kinase receptor 


Signal transduction 


N 


W13586 


•2.1 


0.1 


29 


136 


Myosin light chain 1 homolog 


Transport 


100 


W42217 


-2.1 


0.1 


69 


143 


Ribosomal protein S20 


Protein metabolism 


100 


AA 153 522 


-2.1 


0.4 


95 


191 


Serine/threonine kinase 


Signal transduction 


78 


W30612 


-2.0 


0.1 


70 


160 


Chloride intracellular channel 3 


Transport 


100 


W11G21 


•2.0 


0.4 


78 


138 


7Jnc finger protein 126 


Unknown 


N 


X72B05 


-2.0 


0.3 


25 


63 


CD-1 histone Hit 


DNA metabolism 


N 


LOB407 


-2.0 


0.3 


38 


117 


Collagen type XVII 


Structural 


N 


AA145609 


-2.0 


0.2 


55 


134 


cAMP responsive element modifier 


Transcriptional factor 


34 


W 12756 


-2.0 


0.1 


48 


117 


Unknown 


Unknown 


92 


W75523 


-2.0 


0.3 


48 


95 


Vertebrate homolog of C. elegans Lin-7 type 2 


Unknown 


N 


DB5904 


-1.9 


0.3 


69 


129 


Heat shock 70- related protein Apg-2 


Stress response 


N 


AA138911 


-1.8 


0.2 


176 


311 


RNA helicase PRP16 


RNA metabolism 


100 


W42216 


•1.8 


0.1 


183 


361 


SW1/SNF related homolog 


Transcriptional tactor 


74 


W12395 


-1.8 


0.4 


141 


237 


Transcription elongation (actor A (SII) 


Transcriptional factor 


88 


K03235 


-1.8 


0.1 


84 


149 


ProWerin 2 


Growth tactor 


100 


AA145859 


-1.8 


0.1 


4110 


5250 


Unknown 


Unknown 


100 


W57194 


-1.8 


0.2 


61 


108 


UDiaurtm carooxyl terminal hydrolase 12 


Protein metabolism 


N 


A A1 66440 


-1.7 


0.1 


229 


389 


Phosprtatidytserine decarboxylase 


"roiain rneiaooti5ni 


N 


L33726 


-1.7 


0.1 


69 


128 


Fasctn homolog 1 


Structural 


100 


L35549 


-1.7 


0.4 


30 


38 


Y box binding protein homotog 


Unknown 


100 


AA154514 


-1.7 


0.1 


7639 


1287B 


ATP synthase A chain (protein 6) homolog 


Energy metabolism 


100 


AA 143937 


•1.7 


0.1 


384 


697 


B eta-centra ctin 


Transport 


70 


AA027387 


-1.7 


0.1 


169 


270 


Rab-4B 


Transport 


51 


L38971 


•1.7 


0.2 


205 


334 


Integral membrane protein 2 


Unknown 


43 


W 10526 


-1.7 


0.1 


193 


301 


Ca" channel, voltage-dep., gamma subunit 1 


Transport 


90 


W 12204 


-1.6 


0.2 


114 


200 


Ca2-f/caimodulin-dependent protein kinase 
tsolorm gamma B 


Signal transduction 


N 


AA 1701 73 


-1.6 


0.1 


149 


289 


NTT-73 


Transport 


100 


M64403 


-1.6 


0.1 


126 


208 


Cyclin 01 homolog 


DNA metabolism 


100 


W13191 


-1.6 


0.1 


2B8 


347 


Thyroid hormone receptor alpha 2 


Energy metabolism 


87 


U47543 


-1.6 


0.1 


121 


205 


NGF1 -A binding protein 2 (NAB2> 


Growth factor 


N 


D70848 . 


-1.6 


0.2 


154 


246 


Zic2 (cerebellar zinc finger protein) 


Neural development 


77 


X56518 


-1.6 


0.3 


106 


164 


Acetylcholinesterase 


Neurotransmission 


N 


AA 144 588 


-1.6 


0.2 


233 


36B 


Beta-adrenergic receptor kinase 2 homotog 


Neurotransmission 


33 


AA13982B 


-1.6 


0.1 


224 


351 


gonadotropin inducible transcription repressor- 1 


Unknown 


100 












homolog 




N 


AA061170 


-1.6 


0.2 


43 


65 


WW-domain oxidoreductase homolog 


Unknown 


X58287 


-1.6 


0.3 


84 


153 


mR-PTPu 


Signal transduction 


N 


L13129 


-1.6 


0.1 


162 


220 


Annexin A7 


Exocyiosis 


90 


D85037 


-1.6 


0.1 


50 


77 


Doc2beta 


Nemotransmission 


N 


U30823 


-1.6 


0.2 


55 


102 


Myocyte enhancer tactor*2A 


Transcriptional factor 


33 


W64791 


-1.6 


0.1 


92 


143 


Galaciokinase 


Energy metabolism 


N 


X52S22 


-1.6 


0.1 


274 


377 


IN 


Viral prolein 


100 


AA063914 


-1.5 


0.1 


175 


267 


Aloha-rub ulin 


Transport 


64 



•The values presented for Signal Intensity are the averages of three mice per age group and are expressed as data for oW/young mice. The prevention 
by CR is shown as being none (N) or the calculated percentage effect. The SE was calculated lor the nine pairwise companions and was obtained by 
dividing the standard Deviation by the square root ot 3. . The method Irom which signal intensify ts used to estimate fold changes is described in the 
Methods section ot the manuscript. 
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SUBSTITUTE SHEET (RULE 26) 



WO 01/12851 




PCT/USOO/21603 



Table 1 1 . Genes unregulated by aging in C57BL/6 mice heart from Mu19K GeneChip 



Probe Set 


0C1 


oc2 


OCo 


I yd 


yc2 


yc3 


Fold Change 


TC27774 


396 


218 


490 


-1328 


-2197 


-1280 


25.8 


TC35932 


71 


1391 


355 


-596 


-507 


-1500 


17.2 


TC39719 


938 


595 


1380 


529 


-129 


-562 


14.6 


TC24697 


1510 


2431 


3697 


I 173 


-823 


-537 


13.9 


TC 17809 


4141 


4286 


4415 


224 


369 


921 


11.0 


TC28794 


1358 


1313 


1445 


349 


-38 


657 


10.4 


TC 16257 


439 


867 


471 


-121 


-528 


166 


10.3 


TC34515 


1687 


1117 


966 


465 


-1068 


-1737 


9.4 


TC29214 


102 


154 


188 


-381 


-122 


-209 


9.0 


TC32857 


733 


915 


524 


200 


82 


90 


8.3 


I U37l 14 




803 


ACE 

4bu 


37/ 


-99 


59 


8.2 






1 acta 


1 A7 A 


CA 
-04 


-4 en 


4 A QT 

-i4or 


0 4 

0.1 




y i z 


i CCD 
1 OOO 


4 1 Ofl 


boy 


C 4 "7 

b 1 7 


O 
O 


f.f 


i uoy**yo 


a nan 


7*5 A 

/ on 


1 / M 


-zy 


b34 


-4b2 


•7 *i 

f.O 


I LsZOO^U 


o*»u 


31 u 


JZO 


-030 


lie 


-Of 0 


c 4 

b.i 






oy*» i 


r JJU 




1 OOO 


1 107 

\ OO/ 


0.0 




1971 


in*?n 


OZ / 


OA 1 

0*f I. 


OOZ 


ouo 


0.0 


TPlfin^4 


7^Q 






QUO 


11 O 
OiZ 


1 4.0 


A ft 






ZO / 


Z*rU 




3U 


71 

73 


A P. 

4.8 


IU IDI On 




infi/i 


OOZo 


4ZO 


OQQ 

OOO 


A A 7 

447 


7 

4.7 


i L*oy oyy 


TIR 
Ooo 


H*t 1 


noc 
ZOO 


a 4 
-a I 


206 


27 


A C 

4.5 


i l» i / ooy 


1 3U0 


y4o 


ZJ ID 


z4o 


c 4 0 

512 


4 AC 

146 


4.0 


ILlOJOD 


1 Q*5*5 

lozz 


i QC7 


1oB5 


ID 4 

281 


566 


477 


4.4 


TY** 077CO 


. 3/yo 


0O47 


3986 


4 Off A 

1260 


975 


2286 


4.4 


I Uo/ooo 


, 433 


617 


758 


119 


425 


93 


4.3 


I C222by 


b79o 


7593 


8793 


920 


2322 


5205 


4.1 


1C28239 


■ 2039 


1359 


881 


227 


495 


604 


4.1 


TC 34440 


340 


310 


258 


21 


-437 


-170 


4.1 


TC39301 


803 


1692 


1539 


27 


710 


778 


4.1 


I C29bo2 


997 


2372 


1701 


174 


650 


694 


4.0 


1 OJo/ o7 


339 


323 


257 


49 


76 


231 


3.9 




□ CD 

Bod 


631 


879 


102 


541 


335 


3.9 


i u iyyy f 


41 y 


358 


384 


84 


67 


266 


3.8 




4U02 


5625 


6693 


1292 


1580 


1426 


3.8 




0/ / 


/Yy 


864 


339 


43 


229 


3.8 




3 1 O 


441 


1 157 


-8 


69 


180 


3.7 


TC31694 


! 2158 


2457 


2245 


449 


306 


976 


3.7 


TC28855 


282 


194 


355 


67 


127 


62 


3.6 


TC31277 


; 311 


243 


445 j 


44 


182 


172 


3.6 


TC21628 


176 


422 


304 j 


124 


76 


68 


3.5 


TC36063 


498 


623 


390 


-80 


346 


-52 


3.5 


TC33608 


514 


449 


479 : 


140 


165 


124 


3.4 


TC38147 


420 


212 


473 : 


61 


173 


211 


3.3 


TC23622 


112 


328 


186 : 


-55 


60 


99 


3.2 


TC34697 


549 


450 


752 ! 


89 


356 


370 


3.2 


TC22213 


1892 


2305 


2099 


655 


730 


644 


3.1 


TC31569 


282 


113 


247 ; 


73 


127 


4 


3.1 


TC28942 


| 517 


1055 


1020 | 


301 


364 


224 | 


3.0 



35 

SUBSTITUTE SHEET (RULE 26) 



WO 01/12851 




PCT/US00/21603 



Table 12. Genes riownregulated by aging in C57BL/6 mice heart from Mu19K GeneChip 



Probe Set 


I od 


oc2 


oc3 


I yd 


yc2 


yc3 


I Fold Change 


TC27282 


20 


-2020 


-2141 


= 5078 


970 


879 


-86.2 


TC32064 


; -217 


-844 


-511 


j 2335 


2211 


2176 


-58.6 


TC24160 


j -1155 


-3091 


-2382 


! 427 


4103 


4674 


-56.2 


TCH603 


867 


-2795 


-2128 


! 4729 


2680 


2255 


-53.4 


TC22507 


-1155 


-1599 


-1409 


i 1319 


2177 


2942 


j -50.4 


TC 15929 


-1203 


-1586 


-1787 


! 1348 


1014 


2026 


-47.0 


TC19943 


i -687 


-669 


-428 


! 2880 


2552 


1067 


-41.7 


TC 18736 


; -1142 


787 


-1647 


; 2711 


3654 


4006 


I -33.0 


TC 19957 


i 1242 


-501 


958 


6796 


6771 


5343 


-30.5 


TC37452 


i 175 


-1 172 


-441 


820 


2013 


1233 


-27.3 


TC33452 


; 532 


-740 


-465 


j 2021 


880 


719 


-26.3 


TC14870 


-289 


-1650 


-2496 


I 30 


209 


1249 


-25.2 


TC26312 


-118 


-73 


-146 


406 


1251 


1344 


-24.3 


TC25802 


-688 


-736 


a nco 


31 


707 


one 

695 


-23.7 


TC 14624 


-227 


-943 


-758 


1675 


718 


352 


-22.6 


TC41568 


-684 


-3089 


-1954 


7 


71 1 


129 


-22.6 


TC 16488 


-1548 


-57 


-1609 


I 1055 


1739 


190 


-22.5 


1 C io5o9 


122 


1114 


-269 


3415 


2604 


2614 


-21.6 


I Co7b1 f 


-1738 


-296 


-2150 


2156 


2231 


422 


-20.6 


TC39D IO 


-56 


-204 


-168 


Ten 

769 


1196 


887 


-19.5 


TC37350 


-1070 


-657 


-655 


1944 


1258 


260 


-19.5 


TC36639 


1496 


-3251 


-23 


4489 


2756 


6211 


-19.4 


TC 16420 


48 


-674 


-17 


1059 


1053 


1072 


-18.6 


TC37529 


177 


151 


333 


6190 


3159 


2499 


-18.3 


TC 15736 


-67 


-1109 


-1133 


242 


530 


647 


-18.2 


TC36992 


498 


-2096 


-450 


2140 


2451 


1214 


-17.9 


TC28761 


326 


-105 


847 


4047 


2990 


1712 


-17.9 


TC25360 


-1421 


-2210 


-2177 


332 


173 


204 


-17.2 


TC 16633 


-66 


-612 


-638 


626 


240 


496 


-17.0 


TC 18250 


145 


-416 


-464 


2429 


890 


804 


-16.3 


TC35586 


-337 


-526 


6 


762 


782 


328 


-16.2 


TC37067 


2006 


137 


2589 


7334 


6130 


5348 


-16.0 


TC40509 


176 


-216 


197 


2219 


724 


1177 


-15.9 


TC37745 


380 


-1137 


141 


822 


1566 


1043 


-15.8 


TC24220 • 


648 


227 


48 


1916 


1805 


2138 


-14.9 


TCI 7700 


159 


-80 


-657 


565 


810 


690 


-14.4 


TCI 7256 j 


-2800 


-3715 


-3550 


629 


2754 


950 


-13.4 




-117 


427 


247 


1149 


1712 


1737 


-13.0 


1U10D37 


202 


-208 


-312 


1012 


907 


794 


-12.8 




-639 


250 


289 


882 


794 


1198 


-12.7 


TP01CJI7 

1 U^jd47 i 


-575 


334 


-1428 


1821 


2149 


2101 


-12.5 


IC1otS41 


375 


-198 


430 


1177 


1044 


1257 


-12.3 


TP17C7C 

1 /Of D j 


-70 


75 


428 


596 


1326 


857 


-12.2 




-281 


-437 


-368 


944 


136 


231 


-12.2 


TC36608 ' 




-O 1 o 


-i4n 




OKA 


7 
/ 


A O A 

-12.1 


TC26887 , 


60 


188 


-100 


589 


933 


734 


-11.9 


TC24501 


539 


518 


79 


4279 


1947 


1811 


-11.8 


TC36239 j 


902 


-102 


B43 


1587 


1899 


2152 


-11.3 


TC38050 i 


-47 


-81 


115 


324 


633 


645 


-11.3 


TC37660 j 


-1 


-617 


-203 


450 


240 


314 


-11.1 


TC34986 ! 


-1 


-98 


-28 


726 


315 


235 


-10.7 


TC30885 j 


402 


-55 


27 


878 


734 


398 


-10.4 


TC16723 | 


478 


276 


62 


1703 


1736 


1138 


-10.3 


TC20671 ! 


-70 


-827 


-303 


948 


1087 


410 


-10.2 


TC-,4753 ! 


-332 


-265 


-325 


418 


335 


276 


-10.1 
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SUBSTITUTE SHEET (RULE 26) 



WO 01/12851 




PCT/USOO/21603 



Probe Set 


OC1 


oc2 


oc3 


yd 


yc2 


yc3 


Fold Change 


TC 16229 


-156 


515 


107 


1224 


681 


1077 


-10.1 


TC24641 


-372 


-382 


-329 


127 


845 


718 


-10.0 


TC35052 


139 


-86 


-19 


504 


459 


447 


-9.9 


TC20554 


158 


392 


625 


1255 


896 


1199 


-9.8 


TC25572 


-470 


-460 


-871 


472 


1340 


791 


-9.5 


TC21262 


' 220 


-336 


1193 


2061 


1581 


2928 


-9.5 


TC25416 


48 


-285 


-104 


487 


554 


460 


-9.5 


TC41297 


373 


-176 


455 


1093 


976 


991 


-9.4 


TC37701 


-219 


-338 


-398 


830 


294 


236 


-9.4 


TC34944 


i 364 


462 


369 


3507 


3271 


3393 


-9.3 


TC31449 


-7 


53 


-51 


300 


252 


217 


-9.0 


TC41997 


| 167 


-142 


199 


682 


1057 


893 


-8.8 


TC36033 


! -164 


-295 


-678 


1048 


194 


241 


-8.8 


TC27468 


! 584 


492 


560 


1011 


1031 


929 


-8.8 


TC16039 


j 603 


-2181 


-1612 


2105 


1544 


1004 


-8.6 


TC 19352 


! -918 


-290 


-600 


1103 


700 


859 


-8.5 


TC25041 


\ 229 


-697 


-295 


726 


515 


558 


-8.4 


TC35104 


; 548 


1 


563 


1294 


1692 


715 


-8.3 


TC25357 


; 143 


-277 


-40 


897 


788 


1407 


-8.0 


TC22194 


; 119 


-63 


-176 


477 


440 


633 


-7.9 


TC20469 


! 284 


-303 


-850 


1031 


591 


674 


•7.7 


TC41078 


i -35 


-289 


42 


551 


232 


148 


-7.7 


TC39603 


: 417 


-253 


300 


813 


952 


586 


-7.6 


TC36846 


; 64 


-83 


117 


606 


487 


353 


-7.2 


TC24619 


-11 


-273 


-224 


212 


483 


418 


-7.1 


TC15831 


; 1167 


1269 


87 


3253 


1942 


1814 


-7.1 


TC25629 


! -4 


-309 


-341 


387 


106 


167 


-7.1 


TC23144 


! -91 


-175 


-322 


770 


114 


393 


-7.0 


TC29553 


I 77 


-27 


-110 


93 


283 


185 


-7.0 


TC36285 


j -312 


-574 


-44 


702 


929 


668 


-6.8 


TC23964 


; 1265 


1225 


276 


6611 


4409 


5007 


-6.8 


TC37675 ) 




103 


139 


408 


734 


469 


-6.6 


TC41144 1 


: 236 


58 


273 


1095 , 


734 


708 


-6.6 


TC40883 


-31 


-251 


88 


201 • 


473 


370 


-6.6 


TC27606 


-640 


-765 


-579 


232 


208 


394 


-6.5 


TC14712 


I 1140 


643 


-15 


1661 


1331 


2644 


-6.5 


TC26859 


j 803 


95 


985 


3249 


2325 


2184 


-6.4 


TC33246 


168 


-216 


-384 


517 


283 


384 


-6.4 


TC37343 


; 180 


-27 


34 


459 


508 


346 


-6.3 


TC37275 


| 1193 


720 


808 


1722 


1828 


1992 


-6.3 


TC18134 


I 685 


695 


488 


145 


57 


96 


-6.2 


TC40210 


! 166 


-245 


91 


354 


502 


400 


-6.1 


TC 17241 


! 438 


-110 


756 


1750 


2691 


2519 


-6.1 


TC21038 


! 133 


-138 


-206 


600 


218 


168 


-6.1 


TC22355 


! 12 


-396 


-116 


182 


232 


177 


-6.1 


TC38075 


: 111 


-40 


11 


533 


588 


613 


-6.0 


TC38184 


: -263 


-107 


58 


293 


235 


92 


-6.0 


TC37491 


; 239 


166 


349 


1404 


1500 


1141 


-5.9 


TC33420 


i -132 


-208 


-114 


388 


128 


88 


-5.9 


TC37318 


! 1331 


188 


833 


1241 


3321 


2861 


-5.8 


TC37916 


| -273 


-62 


-202 


198 


55 


43 


-5.8 


TC17885 


! -178 


169 


-288 


1591 


1472 


1445 


-5.7 


TC 15884 


j 390 


-134 


-109 


734 


431 


493 


-5.6 


TC40452 


-94 


-141 


107 


291 


339 


359 


-5.6 


TC29330 


I 512 


370 


140 


2164 


1174 


930 


-5.6 


TC17616 


| 101 


46 


57 


531 


853 


808 


-5.6 
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SUBSTITUTE SHEET (RULE 26) 



WO 01/12851 




PCT/US00/21603 



Probe Set 


i 0C1 


oc2 


oc3 


I yci 


yc2 


yc3 


! Fold Change 


TC21414 


; -62 


-2 


-143 


| 111 


296 


344 


| -5.5 


TC17717 


36 


-83 


-144 


i 222 


172 


209 


I -5.4 


TC31495 


| 156 


155 


77 


j 280 


502 


371 


j -5.3 


TC18144 


i 2048 


819 


1400 


I 3236 


3117 


3190 


! -5.3 


TC 19650 


| -120 


-282 


-56 


| 358 


86 


18 


-5.2 


TC25815 


; 36 


224 


90 


| 490 


506 


508 


-5.2 


TC37544 


\ 470 


242 


458 


j 527 


767 


691 


-5.1 


TC38870 


119 


-35 


187 


j 1057 


704 


587 


-5.1 


. TC26789 


. 111 


49 


-68 


j 240 


243 


270 


. -5.0 


TC37493 


103 


250 


396 


| 993 


982 


795 


-5.0 


TC41579 


465 


120 


253 


| 959 


557 


669 


-5.0 


TC 17620 


326 


452 


303 


721 


565 


788 


-4.9 


TC 18572 


29 


-130 


-51 


208 


264 


348 


-4.9 


TC41021 


217 


84 


43 


611 


329 


306 


-4.9 


TC25021 


61 


95 


69 


471 


440 


235 


-4.9 


TC37829 


-235 


-243 


92 


142 


292 


771 


-4.7 


TC19783 


35 


-10 


249 


371 


604 


767 


-4.6 


i O^4o73 


-111 


-424 


171 


376 


384 


395 


-4.6 


1 U41l»1 


54 


-407 


-30' 


741 


36 


721 


i -4.6 




j 281 


146 


19 


1772 


1068 


1025 


-4.5 


1 U 14554 


I 28 


-147 


44 


651 


479 


471 


I -4.5 


I U*3«cb 1 o 


! 210 


68 


260 


435 


504 


448 


i -4.5 


1 Uo55/4 


i 1063 


295 


1619 


2598 


3642 


3046 


i 

I -4.5 


1 Uo90o4 


j 1090 


1014 


538 


2430 


3908 


4185 


1 

! -4.4 


i oo/^yo 


j -26 


-15 


90 


541 


212 


211 


-4.3 


1 U 14557 


! 968 


216 


267 


2605 


1842 


1044 


-4.2 


TC3U9B6 


I 66 


-14 


76 


306 


151 


178 


-4.2 


TC35356 


1 on 
I 21 


-3 


224 


474 


598 


338 


-4.2 


TC35554 


91 


-100 


89 


572 


566 


558 


-4.2 


TC22851 


810 


416 


520 


3098 


1773 


1661 


-4.2 


TC20860 


316 


118 


498 


1291 


739 


695 


-4.1 


TC41573 


212 


88 


343 


656 


1162 


931 


-4.1 


TC32333 


471 


489 


542 


2274 


1696 


1350 


-4.1 




164 


222 


-12 


508 


438 


361 


-4.0 


1 037484 


192 


-14 


236 


408 


384 


494 


-4.0 


1 UoJgso 


-342 


;-140 


-253 


; 161 


567 


: . 752 


^.0 


1 /tab 


670 


107 


485 


2676 


1219 


■1617 


-3.9 


I OOltiD/ 


435 


73 


167 


1141 


556 


585 


-3.9 


T0 1 fl(57Q 


1 123 


1055 


1090 


638 


626 


.,366 


-3.9 


1 IDOD 


5 


81 


-153 


203 


351 


,;195 ! 


-3.8 




213 


83 


206 


680 


403 


•U79 


-3.8 


tt*oi in a 
1 ioU4 


-109 


,.-65 


-63 


243 


38 


■ 61 


-3.7 




-137 


-208 


-77 


310 


61 


22 | 


-3.7 


TP101OQ 




722 


469 


1364 


1364 


,1142 


-3.6 


i u^i i y / 


-3 To 


-1186 


-1054 


1746 


1222 


416 


-3.6 


TC38888 


67 


8 


50 




IUO 


i Oft 

1 yy 


-3.6 


TC32452 


992 


974 


1165 


2411 


2887 


2965 


-3.5 


TC14511 


739 


660 


298 


942 


1924 


2211 


-3.5 


TC29246 


716 


546 


538 


1125 


991 


1222 


-3.4 


TC15902 


137 


-4 


55 


350 


211 


209 


-3.4 


TC37774 


378 


234 


424 


1148 


1146 


952 


-3.3 


TC27288 


377 


394 


816 


1451 


1663 


1554 


-3.3 


TC31668 


-76 


-153 


-46 


170 


103 


10 


-3.3 


TC41983 


252 


-1 


190 | 


240 


490 


429 


-3.3 


TC 14823 


933 


420 


557 | 


1168 


2494 


1983 


-3.3 


TC40714 


416 


939 


354 I 


1914 


1744 


1041 


-3.3 
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SUBSTITUTE SHEET (RULE 26) 



WO 01/12851 




PCT/US00/21603 



Probe Set 


! od 


nr? 


uuo 


l vn 

i y** ' 


yc2 


yc3 


I Fold Change 


TC20259 


27? 


99 

£.4. 


OD 


j uOU 


285 


513 


-3.3 


TC23344 




Of i 


no 


i 1 Rno 
! loU*: 


2043 


2131 


-3.3 


TC27282 


: 1068 


765 


508 


! 3300 


1911 


1689 


-3.2 


TC21501 


I 500 


1332 


782 


! 4505 


3307 


3468 


-3.2 


TC34693 


-14 


177 


761 


. 1242 


1088 


1137 


-3.2 


TC41186 


■ 231 


120 


272 


! 1122 


579 


641 


-3.1 


TC26140 


276 


-43 


141 


I 279 


541 


452 


-3.1 


TC20981 


\ -59 


-53 


-38 


! 137 


67 


86 


-3.1 


TC39851 


97 


-176 


80 


■ 457 


204 


169 


-3.0 


TC26095 


I 283 


532 


336 


j 1142 


776 


909 


-3.0 


TC16932 


j 125 


188 


91 


I 490 


284 


323 


-3.0 


TC22052 


| 100 


118 


149 


! 375 


356 


323 


-3.0 
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SUBSTITUTE SHEET (RULE 26) 



WO 01/12851 




PCT7US00/216O3 



Table 13. Genes upreguiated by aging in C57BL76 mice heart from Mu6500 GeneChip 



ORF 


i od 


oc2 


oc3 


I vc1 


yet 


y i*%> 


rold Cnanae 


X60103 


I 242 




238 


i 1 




OO 


11.8 


AA1 17446 


! 273 


512 


453 




1 HQ 

I 10 




6.8 


M21829 


i 82 


83 


141 


1 24. 




RO 
OZ 


5.4 


L07297 


\ 69 


103 


101 


\ 

' -oz 


"an 




5.1 


X94998 


| 208 


ififl 




! ft 


-35 


on 
oU 


5.1 


W36875 


149 


126 


153 


i ^ 


RA 
O** 


Dh 


| 49 


U00677 


\ 171 


108 


187 


1ft 

1 o 


77 

/ f 


c 
O 


4.3 


M 17440 


| 311 


354 


372 




OA 


D 1 


! 4.0 


U08210 


i 45 


24 


38 


-10 


4 


-17 


o.y 


AA097087 


326 


628 


684 


140 


181 


143 


O.O 


X62622 


180 


134 


235 


81 


112 


27 


3.5 


1 i'tCQA A 

U25844 


702 


607 


584 


186 


204 


191 


3.3 


D 13664 


218 


202 


130 


40 


75 


75 


3.3 


U00674 


55 


48 


15 


-9 


11 


15 


3.3 


Z31663 


0 


63 


55 


-42 


-100 


-88 


3.2 


X91824 I 


155 


121 


140 


58 


60 


69 


3.2 


AA1 52695 


38 


42 


26 


8 


8 


14 


3.2 


AA014024 


111 


219 


218 


110 


59 


72 


3.1 


D16497 


1888 


1428 


3023 


664 


996 


517 


3.1 


AA036050 I 


52 


52 


49 


18 


9 


9 


3.1 


L41154 I 


408 


305 


476 


128 


152 


157 


3.1 


AA168633 j 


585 


654 


733 


167 


253 


246 


3.1 


L20276 I 


1761 


1059 


1201 I 


260 


600 


J29j[ 


3.0 
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SUBSTITUTE SHEET (RULE 26) 



WO 01/12851 




PCT/US00/21603 



Table 14. Genes downregulated by aging in C57BL/6 mice heart from Mu6500 GeneChip 



ORF 


I 0C4 


oc5 


oc6 


i VC1 


yc2 


yc3 


I Fold Change 


X54149 


j 52 


16 


-69 


• 106 


139 


84 


-6.2 


X98475 


I ' 7 


37 


38 


! 202 


136 


79 


! -6.1 


U25114 


I 185 


133 


69 


I 326 


301 


283 


-5.4 


U58B85 


i -16 


33 


105 


1 315 


212 


301 


! -5.3 


X85169 


! .1 


-32 


-75 


48 


43 


11 


-5.0 


AA028728 


j 68 


-19 


17 


i 90 


99 


116 


-4.9 


D 14336 


I 100 


17 


26 


■ 141 


202 


176 


-4.8 


W29790 


I 72 


91 


13 


j 259 


'196 


195 


-4.8 


L11163 


181 


334 


-18 


j 401 


820 


512 


-4.5 


AA068712 


18 


-12 


-15 


61 


69 


70 


-4.5 


D43643 


26 


-12 


-58 


j 69 


61 


45 


-4.3 


Y08361 


35 


1 


-35 


j 88 


54 


84 


-4.2 


W57425 


-6 


-31 


-61 


36 


9 


13 


■42 


L 17076 


130 


103 


97 


I 645 


491 


431 


-4.1 


U08215 


45 


27 


-1 


| 160 


74 


73 


-3.8 


AA068780 


28 


-5 


-34 


| 86 


32 


64 


-3.8 


AA072334 


66 


43 


88 


! 194 


160 


136 


-3.7 


AA060808 


98 


30 


57 


! 226 


159 


155 


-3.7 


W84060 


15 


36 


6 


. 56 


91 


63 


-3.7 


X97796 


16 


5 


-24 


! 72 


53 


37 


-3.6 


X60831 


49 


35 


7 


52 


59 


84 


-3.6 


AA003162 


152 


28 


108 


274 


204 


224 


-3.6 


W08293 


174 


130 


106 


508 


356 


342 


-3.5 


AA1 07999 


47 


6 


-18 


77 


72 


56 


-3.5 


Z47205 


112 


93 


21 


127 


181 


253 


-3.3 


AA107137 


46 


-19 


-31 


87 


165 


125 


-3.2 


U70017 


34 


0 


3 


126 


63 


48 


-3.2 


W34891 


0 


19 


19 


41 


40 


36 


-3.2 


M90364 


141 


94 


103 


394 


273 


326 


-3.1 


W20652 


26 


43 


38 


75 


63 


84 , 


-3.1 


W10926 


48 


-1 


-5 


99 


34 


82 ! 


-3.1 


X53532 


13 


14 


15 


92 


36 


57 ; 


-3.0 


W77701 


167 


90 


68 


369 


347 


251 ! 


-3.0 


U53455 


22 


29 


24 


127 


62 


85 I 


-3.0 


U09218 


17 


22 


2 


57 


71 


29 


-3.0 


D78141 


29 


24 


5 I 


54 


74 


65 | 


-3.0 
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SUBSTITUTE SHEET (RULE 26) 



WO 01/12851 




PCTAJS00/21603 



Table 15. Genes upregulated by aging in C57BLV6 mice gastrocnemius from Mu19K GeneChip 



Probe Set 


I 0C1 


oc2 


oc3 


yd 


yc2 


yc3 


Fold Chanoe 


TC22507 


i 1496 


5100 


4680 


-861 


-868 


2232 




TC41260 


i 2271 


2776 


1202 


345 


337 


214 


; 7.1 


TC 15427 


3952 


6832 


4863 


392 


2541 


1658 


* 6.2 


TC 17528 


| 309 


830 


202 


j -401 


-87 


58 


j 4.8 


TC3971 9 


I 467 


1194 


956 


; -96 


-68 


639 


! 4.6 


TC30023 


3484 


1557 


2722 


-471 


784 


-100 


; 4.2 


TC15105 


2869 


2887 


744 


424 


221 


-401 


i 4.2 


TC22814 


i 9874 


12120 


6784 


1463 


3030 


4227 


4.2 


TC32898 


3770 


1780 


2282 


1470 


299 


598 


4.0 


TC 17624 


932 


1910 


1 154 


96 


704 


295 


3.9 


TC38243 


3551 


2564 


2668 


2227 


1427 


370 


3.3 


TC32537 


2552 


2455 


3025 


723 


614 


1165 


3.3 


TC1oo33 


12b3 


4 nee 
1056 


535 


A 07 

427 


417 


-26 


3.1 


I Go7o53 


CSC 


965 


one 
895 


237 


151 


275 


3.1 


I G3574 / 


/oo 


-4 4 OO 

1 198 


4 4 "7 A 
1174 


477 


809 


145 


3.0 


I C 3524 8 


3/ 27 


fie "7? 

6677 


4613 


2357 


2860 


1045 


2.9 


tt* -iconn 


*5 4 C7 

2lb/ 


1306 


4 70<t 

1781 


648 


1219 


566 


2.8 


1 v^O/41 U 


i 


1U44 


b i2 


ec>i 

564 


c a e 

545 


38 


2.8 


I wZs I1U 


! T4b2 


(to 


bab 


-808 


-441 


-1038 


2.7 




! ri c 


*7 A A 

f 44 


bu3 


[ 435 


182 


403 


2.7 


Tr"3fY7(50 
I G2U/02 


12oU 


839 


1U4b 


582 


553 


149 


2.7 


1 C414ob 


2028 


3390 


2900 


754 


2234 


1251 


2.7 


TC30327 


3780 


2597 


2167 


628 


1606 


1354 


2.6 


1 Lr41UoU 


402 


383 


450 


125 


-70 


-187 


2.6 


TP17DT7 


1283 


1988 ; 


419 


-684 


-704 


-690 


2.5 


I 035232 


one 
2Ub 


291 


846 


^414 


-154 


-217 


2.5 


1 U4U052 


o7b 


624 


566 


180 


272 


-14 


2.5 


t C35879 


761 


606 


643 


217 


248 


316 


2.5 


TC36106 


553 


81 


381 


35 


-28 


-309 


2.4 


IG1495o 


431 


569 


687 


37 


86 


338 


2.4 


T*r"*4 CCC1 

TCI 5563 


1782 


2034 


1615 


779 


1031 


423 


2.4 


1 U3fUU9 


5627 


4674 


6716 


3156 


3535 


2177 


2.4 


1 UOODIO 


A A 17C 


16183 


14699 


6963 


8380 


4717 


2.4 


1 Ll M22 


C j4 C4 

5461 


6072 


4547 


2524 


2633 


1687 


2.4 


TP077C0 


44054 


58886 


54326 


31194 


27436 


14076 


2.4 




ec>«o 
D043 


3341 


4435 


1353 


2737 


2536 


2.4 


i u2U3y i 


102 


324 


227 


-201 


-286 


-15 


2.4 


1 U OODOO 


D07 


826 


298 


244 


59 


122 


24 


1 V*+U*i / O 


533 


con 
539 


263 ; 


57 


118 


124 


2.3 


TP17R99 

I w I / 




1 541 


t r\*7t i 
1U71 I 


926 


397 


609 


2.3 


TC 1fl1 19 

1 w IO 1 l& 




/y3 


7ni 

/U3 


610 


211 


251 


2.3 


TPIQ'nfi? 

1 O 1 9UO^ 


2003 


4UUU 


2391 


1565 


2019 


1229 


2.3 


TplRCQC 


4012 


3905 


A 70ft 

4720 


2520 


2316 


1346 


2.3 


I 1 O 1 f 




■1 ACO 

tubo 


C TO 

573 


494 


398 


258 


2.3 


TC40165 


817 


869 


775 


448 


RPR 


ion 


2.2 


TC21714 


1174 


1390 


1120 


808 


475 


702 


2.2 


TC17422 


31965 


35070 


40903 


13173 


19477 


14605 


2.2 


TC37018 


592 


437 


367 


217 


172 


79 


2.2 


TC 16885 


2486 


2538 


923 


-830 


765 


-522 


2.2 


TC34291 


13707 


19389 


10341 


8383 


5255 


6989 


2.2 


TC37463 


1444 


1417 


1078 


922 


520 


513 


2.2 


TC24549 j 


8515 


9554 


5391 


4618 


4038 


3446 


2.2 


TC35324 


321 


607 


357 


140 


137 


156 


2.1 


TC31058 ! 


1436 


1266 


1773 


514 


303 


159 j 


2.1 


TC 15920 j 


2072 


2001 


1360 


477 


1197 


60S | 


2.1 
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SUBSTITUTE SHEET (RULE 26) 



WO 01/12851 




PCT/US00/216O3 



Probe Set 


I 0C1 


oc2 


oc3 


yd 


yc2 


vc3 


roid unanoe 


TC29793 


. 1532 


1993 


2224 


45B 


1173 


801 


2.1 


TC37926 


2769 


2562 


1750 


865 


1108 


1169 


2.1 


TC40454 


1344 


2480 


2437 


590 


1123 


786 


2.1 


TC17515 


3386 


4354 


3900 


2340 


2892 


1 179 


2.1 


TC35819 


2072 


2558 


2188 


.1248 


1 174 


959 


2.1 


TC39079 


1639 


1879 


1394 


538 


1352 


726 


2.1 


TC35125 


1031 


714 


880 


300 


652 


40 


2.0 


TC40951 


11 


565 


108 


-204 


-192 


-530 


2.0 


TC37262 


680 


922 


706 


269 


530 


3 


2.0 


TC31287 


2040 


2088 


2058 


336 


1232 


1246 


2.0 


TC40137 


334 


303 


464 


69 


135 


144 


2.0 








1 A19 
l*t It 










TC31522 


6212 


5990 


6621 


3005 


3336 


4224 


2.0 


TC37833 


1464 


1782 


872 


587 


766 


• 423 


2.0 


TC23026 


462 


265 


318 


105 


88 


74 


2.0 


TC33710 


5381 


4005 


5984 


1782 


3214 


2638 


2.0 


TC14237 


978 


1638 


1423 


877 


412 


747 


2.0 


TC32046 


2438 


2103 


1415 


898 


512 


1318 


2.0 


TC15245 


2305 


2606 


4096 


1771 


1589 


503 


2.0 


TC30375 


15067 


24645 


27999 


11194 


14149 


9870 


2.0 


TC24289 


383 


454 


679 


143 


283 


-134 


2.0 


TC30683 


1269 


622 


565 


-320 


97 


122 


2.0 
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SUBSTITUTE SHEET (RULE 26) 



WO 01/12851 




PCT/US00/21603 



Table 16. Genes downregulated by aging in C57BL/6 mice gastrocnemius from Mu19K GeneChip 



PrnKo Oat 

r roue oci 


I OCI 


oc2 


oco 




yc2 


yc3 


! hold Change 


TPTOI 79 

1 uoyi { 4 


282 


384 


1 189 


1 1 1QO 

looo 


1492 


1 767 


j -8.6 


1 O44U0U 


i -m / 


-243 


252 


OOO 
OOO 


1315 


4494 


-6.8 


TP34QR3 


; OOOO 


o4oo 


OU/ J 


oOOob 


214JU 


*J 1 7CC 
O 1 /OO 


-6.3 


tp3430r 


! 1 794 

j 1 3£.H 


nee 

ODD 


OCT 

-ooo 


; 14z/ 


no a ^ 
4441 


o4/o 


-5.6 


TP2fi*i37 


379R 


4UUo 


O/O 


t CiACA 
1 D**0** 


A 4 AfZ 


yab i 


-5.2 


TP3*5355 
i w j j j j j 


! 24S 
440 


-4Q2 


1R7 

1 O f 


7fi^ 
j f OO 


051 

yo i 


1917 
141/ 


A O 

-4.y 


TC40742 


-394 


22Q 


30X 


i 1 9R1 


1 1 32 


1 OA1 
1 U4 1 


I A 7 

! . -4. / 


TP 24501 


152 


4J<J 


-10R 


QR1 


53R 

ooo 


1 nB4 


-4.0 


TC 1 442 1 


' 41Q 


13QR 


0*T*t 


97RR 


1R33 
I ooo 


9C 1 ^ 
40 1 0 


-4.5 


TP21RR7 




RR 


1433 


ZOOO 


90RR 


9719 
4 / o4 


-4.5 


TP2592Q 


3RQ 


.201 


7Q 
/ y 


I Ooo 


OOO 


1 9ft3 
I40o 


-4.2 


TP34Q53 


37Q 


2Q*^n 


99R7 
£40/ 


OoOa 


o*»00 


oy4l 


-3.9 


TP 94 344 


473 


^9fl 


"ICQ 


1 1 AO 

i lay 


1 RHR 
1 OUO 


Ol 1 

4 14 1 


-3.7 


TP33Q57 


4504 


277 R 


R9R1 


191Q7 
14127/ 


14000 


1 C9C9 
10404 


-3.6 


tp40ori 


4RQ3 


1 000 


4RRR 


7RRQ 


1 Ul DO 


7*> 1 A 

A OlU 


i - 3 - 5 


TP3RRRR 


cc 

*D3 


1 IO 


97R 


on/i 


4*ty 


OCA 

o54 


i -3.3 


TP1 *5R21 


3349 


OOU I 


9nRfl 




RR^1 
0001 


7CC7 

/ob/ 


i 

-3.1 


TP22RRR 


9Q73 




OaO I 


cope 
OooO 


yyoo 


QC7A 

yo/u 


-3.1 


TC36347 


1077 




1RR9 




R1 RR 
O 1 00 


/! /i o*a 
44yo 


-3.0 


TP2B.Q44 


13744 


R4Q7 


7171 




0 1 loo 


OAOA A 

44444 


-3.0 


TC36854 


-679 


139 


-105 
1 UO 


99*iR 
ZZOO 


^Rnn 

*tOUu 


44 4 U 


-2.9 


TC32868 


-194 


501 




14Q1 


1 400 


ceo 

ooy 


-2.9 


TP33Q34 


-2432 


401 R 

HU I O 


2471 




ouyo 


&44L; 


-2.9 


TC34A57 


R1Q 


3R0 


- I Oj 


91RH 
4 IOU 


9010 


oib 1 


-2.9 


TC37125 


1Q4R 
1 u*tu 


4RR 


1 27R 


9RTA 
40/0 


4orO 


44 OO 


-2.7 


TC 34321 


1 133 

1 1 JO 


1QRQ 


> Uu j 


9om 

4MU1 


04OO 


3270 


-2.6 


TC35099 


1565 


322S 


9314 

Z.O I H 


Off** 


Oolo 


7O0A 

/4oU 


-2.6 


TC22794 


420 


1^3 

I oo 


343 
o*to 


1 10R 

1 1UD 


1004 


4 A<1 C 

1 Ul b 


-2.6 


TC2R206 


o i a 


-R1 2 


71 5 
-/ JO 


77Q 

r ro 


7QA 
(OH 


816 


-2.5 


TC 1 7374 


44879 




4141Q 


yo i4o 


1 44 #0/ 


11 1416 


-2.5 


TC1Q53B 


3R 


ir^ 
I oo 


4 On 


040 


476 


617 


-2.5 


TC39309 


70R 


Q27 


17R7 


9y1DC 

44U0 


4 ibl 


1651 


-2.5 


TC 14511 


2772 


R5Q 


1RR1 
IOD I 


9019 

4yo4 


yf CD? 
40O/ 


3089 


-2.4 


TC25977 


-125 


Q07 


"OSO | 


1 71/1 


yoy 


1724 


-2.4 


TC34555 


713 


2 C *41 
tin I 


ZDHZ ■ | 


ouyo 


obOo 


4297 


-2.4 


TC40318 


2484 


2040 


7019 I 


D44U 


obbU 


5710 


-2.4 


TC22050 


721 


421 




QAA 

y*w 


iUy4 


1638 


-2.4 


TC23531 


264 


ooo 


2QR » 


R77 
O/ / 


1 ft7C 

l07o 


612 


-2.4 


TC35434 


1150 


743 


1300 

I OUU j 


971R 
4 A OO 


44yo 


1833 


-2.4 


TC37551 


-265 


73 


-169 ' 


1 1 B 

\ IO 


444 


232 


-2.4 


TC34651 


792 


2193 


2064 


34*^9 


O/ Ol 


4517 


-2.3 


TC40365 


-286 


-312 

O 1 


-31 *\ 
"O I o 


1 7C 


174 


252 


-2.3 


TC26535 


4580 


1 1925 


QS79 


i440 1 


20086 


21438 ! 


-2.2 


TC25372 


12 


141 


1P1 
- I O I 


o4o 


276 


386 


-2.2 


TC28752 


816 


1RR7 
1 oo / 


94^.9 


oyoo 


2783 


2378 


-2.2 


TC21901 


1491 


754 


1326 


2284 


2539 


2382 


-9 9 


TC41250 


628 


279 


660 


782 


1093 


1096 


-2.2 


TC20836 


102 


182 


514 


781 


452 


820 


-2.2 


TC39607 


1263 


1289 


765 


1277 


1861 


1895 


-2.2 


TC33236 


1991 


2588 


3851 


5152 


4945 


5421 


-2.1 


TC41556 


1138 


1047 


1367 


2263 


1972 


1988 


-2.1 


TC41884 


475 


55 


193 


650 


406 


693 


-2.1 


TC31627 


606 


494 


1343 


1839 


1123 


2105 


-2.1 


TC35120 


1298 


1479 


752 


2993 


2032 


1705 


-2.1 


TC37978 


664 


425 


875 


1444 


1620 


1546 


-2.1 
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Probe Set 


OC1 


oc2 


oc3 


i yd 


yc2 


yc3 


Fold Change 


TC32191 


329 


1419 


700 


: 2118 


1560 


2187 


•2.0 


TC39472 


5773 


5966 


4650 


: 9742 


11750 


11019 


-2.0 


TC36773 


2894 - 


3313 


4085 


i 5414 


7595 


6159 


-2.0 


TC38302 


459 


289 


306 


' 621 


809 


568 


-2.0 


TC28179 


11576 


8026 


7030 


16063 


14643 


19203 | 


-2.0 
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CLAIMS 

We claim: 

1 . A method of measuring the biological age of a multicellular 
organism comprising the steps of: 

(a) obtaining a sample of nucleic acid isolated from the 
organism's organ, tissue or cell, wherein the nucleic acid is RNA or a cDNA 

5 copy of RNA and 

(b) determining the gene expression pattern of a panel of 
specific sequences within the nucleic acid pool described in (a) that have 
been predetermined to either increase or decrease in response to biological 
aging of the organ, tissue or cell, where the gene expression pattern 

10 comprises the relative level of mRNA or cDNA abundance for the panel of 
specific sequences. 

2. The method of claim 1 wherein the expression patterns of at 
least ten sequences are determined in step (b). 

3. The method of claim 2 wherein the expression patterns of at 
least 20 sequences are determined in step (b). 

4. The method of claim 3 wherein the expression levels of at least 
30 sequences are determined in step (b). 

5. The method of claim 4 wherein the expression levels of at least 
40 sequences are determined in step (b). 
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6. The method of claim 5 wherein the expression levels of at least 
50 sequences are determined in step (b). 



7. The method of claim 1 wherein the organism is a mammal. 

8. The method of claim 7 wherein the mammal is sleeted from the 
group consisting of humans, rats and mice. 



9. The method of claim 1 wherein the nucleic acid is isolated from 
a tissue selected from the group consisting of brain tissue, heart tissue, 
muscle tissue, skin ( liver tissue, blood, skeletal muscle, lymphocytes and 

5 mucosa. 

1 0. The method of obtaining biomarkers of aging comprising the 
steps of: 

(a) comparing a gene expression profile of a young 

10 multicellular organism subject's organ, tissue or cells; a gene expression 

profile from a biologically and chronologically aged subject's organ, tissue or 
cell; and a gene expression profile from a chronologically aged but 
biologically younger subject's organ, tissue or cell, and 

(b) identifying gene expression alterations that are observed 
1 5 when comparing the young subjects and the chronologically and biologically 

aged subjects and are not observed or reduced in magnitude when 
comparing the young subjects and chronologically aged but biologically 
younger subjects. 
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11. The method of claim 10 wherein one uses high density 
oligonucleotide arrays comprising at least 5-10% of the subject's genes to 
compare the subjects gene expression profile. 



5 



12. The method of claim 10 wherein the gene expression profile 



indicates a two-fold or greater increase or decrease in the expression of 
certain genes in chronologically aged subjects. 

13. The method of claim 10 wherein the gene expression profile 

1 0 indicated a 3-fold or greater increase or decrease in the expression of certain 
genes in chronologically aged subjects. 

14. The method of claim 10 wherein the gene expression profile 
indicates a 4-fold or greater increase or decrease in the expression of certain 

1 5 genes in chronologically aged subjects. 

15. A method of measuring biological age of muscle tissue 
comprising the step of quantifying the mRNA abundance of a panel of 
biomarkers selected from the group consisting of markers W08057, 

20 AA1 14576, 11071777, 11106112, D29016 t and M16465, 

16. A method of measuring biological age of muscle tissue 
comprising the step of quantifying the mRNA abundance of a panel of 
biomarkers selected from the group consisting of markers described in Tables 

25 1,2, 15, and 16. 

17. A method of measuring biological age of brain tissue 
comprising the step of quantifying the mRNA abundance of a panel of 
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biomarkers selected from the group consisting of markers M17440, K01347, 
AA1 16604 andX16995. 



18. The method of claim 10 wherein the subject is a mammal. 

5 

19. The method of claim 18 wherein the mammal is selected from 
the group consisting of humans, mice and rats. 



20. A method of measuring biological age of brain tissue 
10 comprising the step of quantifying the mRNA abundance of a panel of 

biomarkers selected from the group consisting of markers described in Tables 
5, 6,9, and10. 



21 . A method of measuring biological age of heart tissue 
1 5 comprising the step of quantifying the mRNA abundance of a panel of 

biomarkers selected from the group consisting of markers described in Tables 
11, 12, 13 and 14. 



22. A method for screening a compound for the ability to inhibit or 
20 retard the aging process in multicellular organisms tissue, organ or cell 
comprising the steps of: 

(a) dividing test organisms into first and second mammalian 

samples; 

(b) exposing the organisms of the first sample to a test 

25 compound; 

(c) analyzing tissues, organs or cells of the first and second 
samples for the level of expression of a panel of sequences that have been 
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predetermined to either increase or decrease in response to biological aging 
of the tissue; 

(d) comparing the analysis of the first and second samples 
and identifying test compounds that modify the expression of the sequences 
5 of step (c) in the first sample such that the expression pattern is indicative of 
tissue, organ or cell that has an inhibited or retarded biological age. 



23. A method as in claim 22, wherein the organism is a mammal. 

1 0 24. The method of claim 23, wherein the mammal is selected from 

the group consisting of humans, rats and mice. 

25. A method as in claim 23, wherein the tissue is selected from 
the group consisting of brain tissue, heart tissue, muscle tissue, blood, 

1 5 skeletal muscle, mucosa, skin, lymphocytes and liver tissue. 

26. A method of detecting whether a test compound mimics the 
gene profile induced by caloric restriction, comprising the steps of: 

(a) exposing a multicellular organism to the test compound, and 
20 (b) measuring the expression level of a panel of sequences 

predetermined to either increase or decrease in response to biological aging 
in a tissue, organ or cell of the organism and comparing the measurement to 
a measurement obtained in the same tissue, organ or cell in calorically 
restricted subjects. 



25 



27. The method of claim 26 wherein the multicellular organism is a 
mammal. 
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28. The method of claim 27 wherein the mammal is selected from 
the group consisting of humans, rodents and mice. 
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